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Rationnel et hypothèses 
Douleur après chirurgie cardiaque 
Caractéristiques et mécanismes 
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Inflammation et sensibilisation en contexte chirurgical 
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The Analgesic Effects of a Bilateral Sternal Infusion
of Ropivacaine After Cardiac Surgery
Vedat Eljezi, MD,* Christian Dualé, MD, PhD,Þþ Kasra Azarnoush, MD, PhD,§
Yvan Skrzypczak, MB,* Valérie Sautou, PharmD, PhD,||¶ Bruno Pereira, PhD,L
Ianis Tsokanis,* and Pierre Schoeffler, MD* **
Background and Objectives: The aim of this study was to assess the
effects of a continuous postoperative administration of local anesthetic
through 2 catheters placed deeply under fascia at the lateral edges of the
sternum, close to the emergence of the intercostal nerves. We focused on
pain during mobilization, as this aspect is likely to interact with post-
operative morbidity.
Methods: Forty adult patients scheduled for open heart surgery with
sternotomy were included in this randomized, placebo-controlled, double-
blind study. A continuous fixed-rate infusion of 4 mL/hr of 0.2% ropiva-
caine or normal saline was administered during the first 48 postoperative
hrs. All patients received acetaminophen and self-administered morphine.
The efficacy outcomes were as follows: pain score during standardized
mobilization and at rest; morphine consumption; spirometry and arterial
blood gases; postoperative rehabilitation criteria, and patient satisfaction.
Total ropivacaine plasma level was monitored throughout the study.
Results: Pain scores were lower in the ropivacaine group during mo-
bilization (P = 0.0004) and at rest (P = 0.0006), but the analgesic effects
were mostly apparent during the second day after surgery, with a 41%
overall reduction in movement-evoked pain levels. The bilateral sternal
block also reduced morphine consumption. It improved the patients’
satisfaction and rehabilitation, but no effects were noted on respiratory
outcomes. No major adverse effect due to the treatment occurred, but the
ropivacaine plasma level was greater than 4 mg/L in 1 patient.
Conclusions: This technique may find a role within the framework of
multimodal analgesia after sternotomy, although further confirmatory
studies are needed.
(Reg Anesth Pain Med 2012;37: 166Y174)
I n the postoperative period, pain at rest may be relieved with thehelp of systemic analgesic treatments, including opiates. This
is not true, however, for movement-evoked pain, which usually
remains more severe than pain at rest and may be deleterious to
postsurgical functional recovery.1 This is the case for cardiac
surgery, after which movement-evoked pain is likely to occur
(due to deep breathing, coughing, central venous pressure mea-
surement, andmobilization for nursing or physiotherapy) andmay
affect rehabilitation.2,3 The use of epidural postoperative analge-
sia, despite its promising analgesic effects on movement-evoked
pain,4 is still a matter of debate because of safety issues after
cardiac surgery.5,6
Of the possible local anesthetic techniques, single-injection
peristernal techniques have a short-term effect,7,8 whereas long-
lasting peripheral blocks with continuous infusion of a local
anesthetic solution in the operative site have shown promising
results.9Y11 However, such infusion may risk impaired wound
healing and local infection. Here, we present a proof-of-concept
trial in which the effects of a bilateral sternal (BLS) nociceptive
block (which aims to infuse local anesthetics at the termination
of the intercostal nerves, close to the anterior branches of in-
tercostal nerves at the lateral margins of the sternum12) were
compared with placebo. We expected that the BLS block would
reduce movement-evoked painVmeasured during a standard-
ized mobilizationVafter sternotomy.
METHODS
Study Design
This prospective randomized, placebo-controlled, double-
blind, single-center trial was approved by the regional research
ethics committee (CPP Sud-Est VI) and registered on Clinical-
Trials.gov (no. NCT01196767). The inclusion criteria were adult
patients, aged 18 to 90 years, scheduled for open-heart surgery
with sternotomy for valve replacement or coronary artery bypass
grafting with cardiopulmonary bypass (CPB). The exclusion cri-
teria were as follows: emergency surgery, heart transplant, aortic
dissection, additional thoracotomy, redo sternotomy, preopera-
tive major left ventricular dysfunction, preoperative respiratory
or renal insufficiency, pregnancy, incapacity to understand the
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protocol and sign the consent or use patient-controlled analgesia
(PCA), history of chronic use of opiates or drug addiction, and
contraindication to any drug or material of the protocol. Patients
received a detailed study explanation at preoperative consulta-
tion. The day before surgery, they gave their signed consent and
were trained to report pain on a visual analog scale (VAS) and
verbal numeric scale (VNS) from 0 to 10 and on how to use the
PCA device. Spirometry was done with a handheld spirometer
(MicroLoop; Micro Medical Ltd, Chatham Maritime, UK). Each
patient was given an inclusion number to be used for the ran-
domization, which was conducted by an independent research
assistant with blocks of 4.
Anesthesia
General anesthesia was standardized as follows: pre-
medication with hydroxyzine; monitoring with invasive blood
pressure, 5-lead electrocardiography, bispectral index monitor,
pulse-oxymetry, mechanomyography to assess myorelaxation
(before induction), 4-port central jugular venous line, and uri-
nary catheter (after induction); anesthesia induction with intra-
venously administered propofol, sufentanil, and cisatracurium;
tracheal intubation, mechanical ventilation targeting a PETCO2 in
the 27 to 32 mm Hg range, and SpO2 greater than 95%; anes-
thesia maintenance targeting a bispectral index in the 40 to
60 range with propofol during CPB and sevoflurane otherwise,
sufentanil (continuous infusion, started at 0.5 Kg/kg per hour,
then modulated according to hemodynamics and clinical signs
of insufficient analgesia), and cisatracurium; antibiotic prophy-
laxis with cefuroxime and prevention of bleeding with tranexamic
acid; and optimization of hemodynamics at the withdrawal of
CPB with temporary tilt position, intravascular fluid loading,
cardiac electrical pacing, or inotropic support, adapted to the ob-
served situation.
Intervention: Bilateral Sternal Catheters
The catheters were inserted subcutaneously after the clo-
sure of sternotomy by the surgeon, with the help of the tunnelers
entered lateral to xiphoid at subcostal margin and advanced
upward, below the pectoral muscles over the costosternal mar-
gin parallel to the sternotomy incision (Fig. 1). The devices
(I-Flow Corporation, Lake Forest, Calif) used to administer the
study solution were as follows: 2 multihole catheters with a
12.5-cm diffusion area (ON-Q Soaker), inserted with the help of
a 17-gauge  8-in tunneler (ON-Q Tunneler Sheath) and
connected by a Y-shaped tube to an elastomeric infusion pump
with a reservoir of 270 mL (ON-Q Pain Buster). Steri-strips (3M
France, Cergy-Pontoise, France) and wound dressing were used
to secure the catheters. Before connection, the infusion pump
was filled with the study solution under the control of the an-
esthesiologist in charge of the patient, who opened the alloca-
tion envelope. According to randomization, the study solution
was either 0.2% ropivacaine (Naropeine 2 mg/mL; AstraZeneca,
Rueil-Malmaison, France) or normal saline (Chlorure de Sodium;
Aguettant, Lyon, France). A bolus of 5 mL per catheter of the
study solution was injected after aspiration test before connection
to the pump. The pump delivered a continuous infusion at a fixed
rate of 4 mL/hr (ie, about 2 mL/hr through each catheter). All
providers were blinded to the treatment group; the patient was
unaware of the treatment administered, throughout the study.
Nobody in the postoperative care unit (PACU) and surgical ward
staff was aware of the treatment administered. Because the filling
volume of the pumps for local anesthesiawas supposed to provide
an infusion for at least 48 hrs (mean expected duration, 67.5 hrs),
pumps were not refilled, to avoid the risk of manipulation. The
catheters were never removed sooner than the 48th hour after
surgery. To reduce the number of painful interventions, catheter
removal was usually concomitant with chest drain removal. The
FIGURE 1. Description of the technique of BLS catheterization by the surgeon after surgery. Left, The BLS catheters are placed the
closest possible to the emergence of the anterior branches of the intercostal nerves (ICN). Right, The catheters are inserted subcutaneously
after skin closure. A, Skin incision lateral to xiphoid at subcostal margin. B, The Tunneler Sheath is advanced upward below the
pectoral muscles over the costosternal margin parallel to the sternotomy incision. C, Sheath peeling. D, Fixation.
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nursing staff was directed by a detailed protocol in the case report
form to identify any sign of overdose of local anesthetic and, if
such signs were noticed, to call the anesthesiologist on the ward.
An intravenous rescue protocol that included oxygen therapy and
intravenous lipids was planned.
Postoperative Care
Sedation was maintained with intravenously administered
propofol during the transport from theater to and then until tra-
cheal extubation. The mechanical ventilation in the PACU was
maintained with the same parameters. Routine intensive care
monitoring, chest radiography, and electrocardiography were per-
formed as well as standard laboratory tests at T0, then daily and
at the physician’s request. Serum troponin (cTnI) was measured
at least at T0, T0 + 6 hrs, and T0 + 12 hrs. Sedation was dis-
continued with the physician’s approval when the patient’s hemo-
dynamic and respiratory parameters and core temperature were
corrected and when neither active bleeding nor signs of cardiac
ischemia were observed. Trachea was extubated once the patient
could respond to simple commands and breathe spontaneously
with good hemostasis. All patients were placed in a 30-degree
sitting position, and postoperative analgesia was performed
with 1 g of intravenously administered acetaminophen every
6 hrs and intravenously administered morphine chlorhydrate
(Morphine; Aguettant). Morphine was initiated by the referent
nurse in the PACU at the first patient demand; 3 mg intrave-
nously per bolus was administered until the pain score went
less than 3/10, then it was delivered via a PCA device (Vygon
Frydom 5; Vygon, Ecouen, France). The PCA regimen was as
follows: 1 mg/mL of isotonic saline, bolus = 1 mL, refractory
period = 7 minutes, no continuous infusion.
The standard postYcardiac surgery care included: intrave-
nously administered heparin, 50 IU/kg per day starting at the
sixth hour after the end of surgery if no hemorrhage was noted
and then increased on postoperative day (POD) 2 if indicated
(ie, mechanical valve, for example); aspirin (250 mg/d for valve
replacement and 75 mg/d otherwise); and ongoing antibiotic
prophylaxis with cefuroxime for 48 hrs. Hemodynamics was
optimized according to the patient’s status, either by intravenous
fluid loading, inotropic support, norepinephrine, or urapidil. The
medication was administered orally if possible on POD 1, with
priority administered to cardiovascular-targeted drugs and to
the current medication. The patient was able to be transferred
from the PACU to the surgical ward when none of the fol-
lowing supports were necessary: inotropic or vasopressive
treatment, mechanical ventilation, dialysis, or life-threatening
rhythm disturbance.
Measurement of Outcomes
T0 was the time of the patient’s arrival in the PACU. The
analgesia outcomes and the current vital parameters were re-
corded at T0 + 4 hrs, then every 4 hrs until T0 + 48 hrs. Pain was
assessed on VAS and VNS at each regular observation time; it
was first measured at rest then just after the patient was placed
horizontally for the measurement of central venous pressure, as
long as the patient stayed in the PACU. Pain was also measured
just after each nursing session, when the patient was turned on
their side. At T0 + 48 hrs, morphine consumption and patient
satisfaction with pain control on a 4-point scale (0 = very un-
satisfied, 1 = somewhat unsatisfied, 2 = rather satisfied, 3 = very
satisfied) were noted. Sedation was quoted on a 4-point scale
(0 = awake, 1 = still awake after verbal stimulus, 2 = sleepy and
hardly answering to call, 3 = no answer at call). Nausea or
vomiting was noted as an event (yes/no). In the case of nausea
or vomiting, 8 mg of ondansetron were injected intravenously.
Bedside spirometry measurements were performed at the
morning time of PODs 1 and 2. The first occurrence of flatus,
feces, dietary intake, and oral medication intake since the morn-
ing of POD 1 was noted. On POD 2, the physiotherapistVwho
was in charge of every patient during the entire studyVnoted her
perception of the patient’s comfort, compliance to physiotherapy,
and ability to early mobilization. Any occurrence of respiratory
complication was noted by a physician.
Just before the beginning of BLS infusion and at 12, 24,
36, and 48 hrs after this point, blood samples for ropivacaine
analysis were drawn. Only the samples taken from patients who
received ropivacaine were analyzed. The total ropivacaine plasma
concentration was measured by high-performance liquid chro-
matography after solid-phase extraction.
Six months after surgery, the patients were reached by
phone and asked to answer a standardized questionnaire, in
which they reported any sternal pain. If there was sternal pain,
the patient was asked to describe it on a VNS of 10 and to
respond to a DN4 questionnaire, a screening tool to identify
neuropathic processes.13
Data Treatment
The pain score on VAS (or VNS when only this score was
available) was considered as the primary outcome to analyze the
effects on analgesia. In some cases in the surgical ward, pain at
mobilization was not assessed during placement in horizontal
position for measurement of central venous pressure, but pain
was assessed during placement in lateral position for nursing.
For these observations, the pain score was adjusted according
to the equation of the regression slope used to correlate pain
in horizontal and lateral positions out of the available data from
concomitant measures. For the analysis, the pain scores were
kept as raw values using the linear mixed model (see below). The
area under curve (AUC) for pain scores was also calculated for
PODs 1 and 2, using the trapezoidal rule.
The quality of oxygenation was assessed by calculating the
PaO2/FIO2 ratio, either from the raw data of FIO2 (during mechan-
ical ventilation) or the estimated FIO2 (spontaneous breathing).
When oxygen was delivered through a high-concentration mask,
the estimated FIO2 was 0.6, 0.7, 0.8, and 0.9 for oxygen rates
(in liters per minute) of 6, 7, 8, and 9 or more, respectively. When
it was delivered through a nasal cannula, the estimated FIO2 was
0.24, 0.28, 0.32, 0.36, 0.4, and 0.44 for oxygen rates (in liters per
minute) of 1, 2, 3, 4, 5, and 6, respectively. It was 0.21 when no
oxygen was administered. The data from spirometry were first
blindly reviewed by the physician in charge of analysis to obtain
coherent values for the parameters to be studied, namely, forced
vital capacity (FVC), forced expiratory volume in 1 sec (FEV1),
FEV1/FVC ratio (FEV1%), tidal volume, inspiratory capacity,
inspiratory reserve volume, and expiratory reserve volume. For
final comparison between groups, relative values (% of the pre-
operative value) were calculated for each subject at each POD
(1 and 2). A delay in the occurrence of the first dietary intake and
oral medication intake was converted into a score, where 1 point
corresponded to a half-day on a scale ranging from 6 (the earliest
occurrence observed, the morning of POD 1) to 0 (no event oc-
curred at the 48th postoperative hour). The biologic outcomes
were treated as follows: serum creatinine level was considered
only at T0 + 12 hrs; for serum troponin level, an AUC was cal-
culated based on the points T0, T0 + 6 hrs, and T0 + 12 hrs.
Statistical Analysis
The normality of the distribution was checked with a
Shapiro-Wilk test. The quantitative data were expressed as
mean T SD if normally distributed and as median, interquartile
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range, and range otherwise. The categorical data were expressed
as the number of cases and percentage of the total. For simple
comparisons between the 2 groups, the Student t test (numerical
Gaussian), the Mann-Whitney U test (other numerical or ordi-
nal), and the W2 or Fisher exact test (categorical) were used.
Multivariate analysis using linear mixed models was performed
to assess the evolution of pain scores (at rest and mobilization)
for different groups. In these models, we always considered
random subject effects: random intercept and slope. The residual
normality was checked for all models presented in this article.
The observation at T0 + 4 hrs was not considered for the analysis
of pain scores because most of the patients were still under
anesthesia at this point. Because the arterial line was withdrawn
in many patients on day 2 after surgery, the between-groups
comparisons for arterial blood gases were done only twice during
the study, that is, T0 + 12 and T0 + 20 hrs. As the data from
spirometry were already percentages of the baseline level, only
comparisons between groups at the 2 times of measurements were
made. The type I error was set at 5%. Analyses have been made
under StataCorp (2007; Stata Statistical Software: Release 10,
Stata Corporation, College Station, Texas) andXLStat (Addinsoft,
Paris, France) plus Microsoft Excel 2003. Figures were generated
using Microsoft Office Excel 2003, Paint 2003, and PowerPoint
2003 (Microsoft, Redmond, Washington).
The primary goal was to assess the superiority of the
analgesia provided by BLS administration of ropivacaine com-
pared with the placebo during standardized mobilization of
the patient. With morphine self-administered in both groups, we
did not hypothesize a superior analgesia at rest. Morphine con-
sumption was a secondary outcome, as were all of the tolerance
and satisfaction outcomes. The primary outcome was the pain
score, the assumption being that the linear mixed model would
define the times when a significant effect would be found, without
inflation of the type I error. However, the sample-size calculation
was made on the basis of a pain score of 5.2 T 2 (VAS of 10)
noted during the measurement of CVP at T0 + 24 hrs, taken from
preliminary, unblinded observations data from our unit, including
150 measurements in 21 patients. We estimated that the BLS
analgesia would provide a 50% reduction in the pain score, this
effect size being that of morphine on pain scores at rest, in the
same sample.With> = 5%, 1-A = 95%, and a bilateral hypothesis,
the necessary sample size was estimated at 16 per group, which
was increased to 20 per group for possible loss to follow-up and
to increase power on secondary outcomes.
RESULTS
Of the 40 patients included in the study and randomized
(20 in each group), 1 patient in the placebo group had a delayed
pericardial hemorrhage between T0 + 12 hrs and T0 + 16 hrs
and required emergency resurgery. The catheters were with-
drawn, and the patient was excluded from the analysis of the
TABLE 1. Description of the Groups
Ropivacaine (n = 20) Placebo (n = 20) P
Preoperative characteristics
Age, y 68 T 13 64 T 12 0.416
Height, cm 170 T 9 168 T 10 0.382
Weight, kg 77 T 9 76 T 14 0.669
BMI, kg/m2 27 T 3 27 T 4 0.917
Sex: female 3 T 15 9 T 45 0.038*
Euroscore 3 [1Y6] (0Y9) 4 [1.8Y5.3] (0Y8) 0.902
FEV1 (% of predicted) 97 T 21 90 T 22 0.325
FVC (% of predicted) 94 T 21 92 T 22 0.810
FEV1/FVC% (raw value), % 80 T 8 77 T 10 0.264
Surgery and anesthesia
Total duration of surgery, min 272 T 67 247 T 69 0.261
Total dose of intraoperative sufentanil, Kg 171 T 48 158 T 50 0.422
Valve replacement (all types) 9 (45) 14 (70) 0.110
Coronary bypass 14 (70) 7 (35) 0.027*
Type of ventilation at T0 + 4 hrs 0.534
Assist-controlled 12 (60) 16 (80)
Bilevel positive airway pressure 5 (25) 2 (10)
Pressure support 2 (10) 1 (5)
Spontaneous + high-concentration oxygen 1 (5) 1 (5)
Tidal volume† 561 T 124 554 T 92 0.833
Arterial blood gases at T0 + 4 hrs
Pao2/Fio2, mm Hg 310 T 82 333 T 75 0.192
Paco2, mm Hg 37.7 T 6.8 36.0 T 4.8 0.348
pH 7.33 T 0.06 7.34 T 0.07 0.587
HCO3
j, mmol/L 19.4 T 2.8 19.2 T 3.0 0.842
Initial characteristics of the patients, according to the group of randomization. Numerical data are expressed as mean T SD or median [interquartile
range] (range). Categorical data are expressed as number (%) of patients.
*P G 0.05.
†Excluding the 2 nonventilated patients.
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effects of treatment. Table 1 shows the characteristics of the
patients, according to the group of randomization. The quality of
randomization was good, although there were more women in
the placebo group and more procedures for coronary bypass in
the ropivacaine group. For the 23 patients who had a valve re-
placement, the types of replacement were as follows: aortic
mechanical (n = 13), aortic biologic (n = 8), aortic biologic plus
mitral (n = 1). No intervention on the ascending aorta or surgical
treatment of arrhythmia was performed in the study. All patients
who underwent coronary bypass, except 1 (in the placebo group),
had internal mammary artery harvesting.
Table 2 and Figure 2 show the quality of postoperative
analgesia in the 2 groups. The multivariate analysis of pain
scores at rest was first done with [group time] interaction as a
factor. When no effect in interaction was found (P = 0.090),
the model was tested without interaction. The model was found
to be predictive (P = 0.0006), with a significant effect on
the group (ie, the treatment tested; P G 0.0001) and time of
observation (P = 0.032). For the analysis of pain scores at
mobilization, the model was also predictive (P = 0.0004), with
a significant effect on the time in observation (P G 0.0001) and
[group  time] interaction (P G 0.0001), which can be inter-
preted as an effect of treatment. As shown in the diagram
(Fig. 2) and the AUCs (Table 2), the effects of treatment were
mostly apparent on POD 2. The effect size of the BLS block
was a reduction of 41% in the AUC of pain at mobilization on
POD 2. There was also less morphine consumption in the
ropivacaine group.
For 1 patient in the placebo group, no spirometric mea-
surement had been done on POD 1; for 1 patient in the ropiva-
caine group on POD 2, the spirometric data could not be
interpreted because of mental confusion. Table 3 shows that
most of the studied parameters were impaired during the 2 first
PODs and that the rate of impairment was similar in both groups.
Similarly, no major effect of the treatment was observed in the
arterial blood gases. Clinical tolerance and comfort were better
in the ropivacaine group (Table 4). Spearman analyses of cor-
relation between satisfaction scores and pain scores showed an
inverse correlation, with Q = j0.272 (95% confidence interval,
j0.541 to j0.047) for pain at rest and Q = Y 0.357 (confidence
interval, j0.604 to j0.047) for pain during mobilization.
Table 4 also shows the results of the survey at the sixth month
after surgery; no difference was found in terms of persistent
pain. The rate of persistent pain observed in the whole sample
of the present study (15.8%) was significantly less (P = 0.033)
than the 28% rate reported in a large prospective survey 1 year
after surgery (90 of 318 cases).14
Eight of the 100 available samples for ropivacaine could
not be analyzed because of interference with no possible
FIGURE 2. Time course of pain scores at rest (top) and
standardized mobilization (bottom) during the first 48 hrs after
the end of surgery, measured by VAS (10-point scale). The limits
of the boxes represent the interquartile range, the limits of the
whiskers represent the range, and the small square represents
the median value, for each group at each time of measurement.
The gray and the white boxes (black and white squares) represent
the ropivacaine group and the placebo group, respectively.
*Significant effect (P G 0.05) of the interaction (group  time)
shownby the post hoc analyses of the linearmixedmodel, with time
T0 + 8 hrs taken as reference and T0 + 4 hrs not kept in the analysis.
TABLE 2. Quality of Postoperative Analgesia
Ropivacaine (n = 20) Placebo (n = 19) P
Morphine consumption during the first 48 postoperative hrs, mg 20 [18Y32] (12Y79) 30 [25Y39] (14Y104) 0.036*
Pain at rest: AUC
From T0 + 4 hrs to T0 + 24 hrs 18 [12Y39] (0Y44) 24 [16Y42] (0Y110) 0.331
From T0 + 24 hrs to T0 + 48 hrs 25 [12Y41] (0Y84) 44 [20Y66] (0Y114) 0.100
Pain at mobilization: AUC
From T0 + 4 hrs to T0 + 24 hrs 43 [36Y56] (0Y94) 44 [22Y60] (0Y116) 0.888
From T0 + 24 hrs to T0 + 48 hrs 47 [29Y74] (0Y166) 102 [44Y131] (8Y172) 0.025*
Data are expressed as median [interquartile range] (range).
*P G 0.05.
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correction (n = 4), too small of a sample (n = 3), and altered
plasma (n = 1). The values for total ropivacaine plasma con-
centration are displayed on Figure 3. It shows that the treatment
had been administered in all the allocated patients. A trend to-
ward increased concentrations with time was noted, with a mean
slope of 0.03 mg/L per hour. The value of 3.4 mg/L, that is, the
lowest value for which neurologic symptoms have been ob-
served in human volunteers,15 was surpassed in 1 patient since
T0 + 12 hrs, although no symptom of overdose was noted.
DISCUSSION
Three trials studying a local anesthetic solution applied
directly to the sternotomy incision after surgery have been pub-
lished.9Y11 In all of these double-blind and placebo-controlled
trials, 2 catheters were set immediately above the wired sternum,
and the administration rate of the solution was 4 mL/hr from an
elastomeric pump, providing a 40- to 48-hr-long administration.
In 1 study, the drug tested was bupivacaine, 0.25% and 0.5%10; in
the other 2 studies, ropivacaine was preferred for safety reasons,
and the concentration tested was 0.2%9 or 0.3375%.11 All studies
showed that the technique reduced pain at rest and opiate con-
sumption. Beneficial effects of the treatment on other morbid-
ity outcomes or length of stay in the hospital were also noted,
although the benefits were not always significant.9Y11 No serious
adverse event was reported, but in 1 study in which 2 catheters
were placed in 2 different planes of the sternotomy wound, a
high incidence of catheter-related problems, such as unintentional
TABLE 3. Respiratory Postoperative Outcomes
Ropivacaine (n = 20) Placebo (n = 20) P
Type of ventilation
At T0 + 12 hrs Assist-controlled 0 (0) 2 (10) 0.391
Bilevel positive airway pressure 1 (5) 0 (0)
Pressure support 0 (0) 1 (5)
Spontaneous + high-concentration oxygen 11 (55) 10 (50)
Spontaneous + oxygen on nasal cannula 8 (40) 7 (35)
At T0 + 20 hrs Bilevel positive airway pressure 1 (5) 0 (0) 0.555
Pressure support 0 (0) 1 (5.3)
Spontaneous + high-concentration oxygen 5 (25) 4 (21.1)
Spontaneous + oxygen on nasal cannula 14 (70) 14 (73.7)
Arterial blood gases*
At T0 + 12 hrs Pao2/Fio2, mm Hg 255 T 93 294 T 104 0.226
Paco2, mm Hg 38.7 T 5.8 39.4 T 6.4 0.726
pH 7.33 T 0.05 7.32 T 0.05 0.411
HCO3
j, mmol/L 20.0 T 2.3 19.8 T 2.6 0.819
At T0 + 20 hrs Pao2/Fio2, mm Hg 276 T 121 304 T 108 0.489
Paco2, mm Hg 35.6 T 5.4 38.0 T 4.3 0.161
pH 7.37 T 0.05 7.36 T 0.05 0.460
HCO3
j, mmol/L 20.1 T 2.3 21.1 T 2.3 0.281
Postoperative spirometry†‡
On POD 1 FEV1 40 [30Y53] (22Y65) 42 [31Y48] (6Y70) 1.000
FVC 39 [33Y51] (18Y63) 38 [35Y46] (18Y63) 0.989
FEV1% 106 [101Y114] (56Y142) 109 [103Y113] (11Y137) 0.779
IC 34 [26Y43] (21Y63) 42 [29Y45] (17Y88) 0.182
TV 68 [62Y95] (44Y183) 80 [66Y94] (45Y129) 0.623
IRV 19 [10Y29] (0Y41) 22 [13Y38] (1Y100) 0.227
ERV 48 [15Y110] (0Y193) 40 [16Y78] (0Y144) 0.593
On POD 2 FEV1 40 [35Y57] (22Y72) 35 [27Y45] (15Y71) 0.292
FVC 37 [29Y47] (18Y77) 36 [25Y43] (13Y67) 0.332
FEV1% 104 [98Y117] (72Y130) 109 [103Y114] (93Y147) 0.319
IC 36 [27Y58] (0Y73) 40 [30Y43] (13Y68) 0.966
TV 68 [61Y109] (39Y147) 84 [65Y108] (47Y133) 0.527
IRV 22 [13Y35] (0Y74) 21 [12Y31] (0Y65) 0.747
ERV 35 [12Y80] (0Y265) 28 [9Y44] (0Y124) 0.304
Numerical data are expressed as mean T SD or median [interquartile range] (range). Categorical data are expressed as number (%) of patients.
POD 1, 1st postoperative day; POD 2, 2nd post-operative day; FVC, vital capacity; FEV1, forced expiratory volume in 1 second; FEV1%: FEV1/FVC
ratio; TD, tidal volume; IC, inspiratory capacity; IRV, inspiratory reserve volume; ERV, expiratory reserve volume.
P G 0.05.
*Missing data (see Results): 3 in the ropivacaine group, 2 in the placebo group.
†Missing data (see Results): 1 in the placebo group.
‡All the data out of spirometry are expressed as percentage of the preoperative value for each patient, taken as baseline.
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removal during dressing changes and 1 case of catheter breakage
at removal, was noted.10 The promising results of these proofs of
concept might have led to a validation trial with a sample size
large enough to study more relevant efficacy outcomes and safety.
However, a risk of impaired cicatrisation and infection may be
argued, illustrated by the recent discontinuation of a trial because
of increased wound infection rate.16
For these reasons, we were interested in an infusion tech-
nique proposed by Jeffrey Milliken, MD (University of
California, Irvine Medical Center, Orange, California ), for
which no comparative study had been done about the analgesic
effects. The aim of this BLS block is to target the anterior
branches of the second to the sixth intercostal nerves that in-
nervate the sternum and reach the skin near the midline imme-
diately lateral to the sternal margin, thus at a safe distance from
the wound.7,12 We chose ropivacaine because (1) it has been
considered safer than bupivacaine17; (2) presternal bupivacaine,
at a significantly effective concentration (0.5%), led to quite
high bupivacaine serum levels10; and (3) good analgesia was
provided with presternal administration of ropivacaine.9,11 The
0.2% concentration of ropivacaine was the smallest effective
block in the presternal studies.9,11 The administration rate was
kept the same as in previous studies, that is, 4 mL/hr.9Y11 The
270-mL elastomeric pump allowed at least 48 hrs of adminis-
tration without need of refilling, which avoided manipulations
that could increase the risk of infection.
Here, we showed promising effects of the BLS postopera-
tive block on pain during mobilization and a tendency toward
improved quality of rehabilitation, although this latter point must
be interpreted with caution, as the study was not designed to
measure such outcomes. In comparison, the infusion of local
anesthetic close to the wound (1) is more likely to induce com-
plications (see above) and (2) has not been tested on movement-
evoked pain, although such assessment seems necessary in the
TABLE 4. Other Clinical and Biologic Postoperative Outcomes
Ropivacaine (n = 20) Placebo (n = 19) P
Early outcomes (48 first postoperative hrs)
Sedation score 91* 13/200 (6.5) 26/188 (13.8) 0.016†
Sedation score 92* 3/200 (1.5) 2/188 (1.1) 0.944
Nausea or vomiting‡ 5 (25) 4 (21.1) 1.000
Flatus‡ 19 (95) 16 (84.2) 0.267
Feces‡ 2 (10) 0 (0) 0.157
First dietary intake§ 5 [0Y6] (0Y6) 0 [0Y3.5] (0Y6) 0.0105†
First oral medication intake§ 5 [4Y6] (3Y6) 4 [4Y5] (0Y6) 0.0361†
Early mobilization‡ 13 (65) 1 (5.3) 0.0004†
Patient involved in physiotherapy|| 12 (60) 5 (26.3) 0.097
Good comfort for the patient|| 15 (75) 5 (26.3) 0.0077†
Postoperative complication 1 (5) 2 (10.5) 0.605
Postoperative complication (description) NA
Difficulty to cough 1 0
Bronchial hypersecretion 0 1
Mental confusion plus ileus 0 1¶
Patient’s personal satisfaction G0.0001†
Very unsatisfied 0 (0) 0 (0)
Somewhat unsatisfied 0 (0) 8 (42.1)
Rather satisfied 7 (35) 10 (52.6)
Very satisfied 13 (65) 1 (5.3)
Serum creatinine at T0 + 12 hrs (Kmol.l-1) 76 T 26 78 T 28 0.779
Serum troponin between T0 and T0 + 12 hrs (AUC) 3.6 [2.9Y4.5] (2.3Y31.9) 3 [2.1Y6] (1Y17) 0.527
Long-term follow-up (phone call)
Delay after surgery (days) 184 T 2 184 T 1 0.715
Deceased 1 (5) 0 (0) 1
Sternal persistent pain 3 (15.8) 3 (15.8) 1
Pain scores (VAS out of 10)# 2 T 0 3.7 T 0.9 0.059
Sternal persistent pain with positive DN4# 0 (0) 1 (33) 0.273
Categorical data are expressed as number (%) of patients. Numerical data are expressed as median [interquartile range] (range).
*Number of observations from T0 + 12 hrs to T0 + 48 hrs.
†P G 0.05.
‡Number of patients within the 48 first postoperative hrs.
§Score (see Methods for definition).
||According to the physiotherapist.
¶See Results for details.
#Only for patients reporting sternal persistent pain.
NA indicates not applicable.
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field of postoperative care.1 The BLS block, nonetheless, ap-
peared to be effective only after the 20th postoperative hour,
suggesting that this postoperative time is crucial to the patient
and rehabilitation. This is consistent with the observation of a
large cohort of postYcardiac surgery patients, where there was a
peak of movement-induced pain during the first day following
the day of surgery.18 Further improvement of the technique might
be obtained with an earlier onset of analgesia, either by increas-
ing the catheter’s length of insertion for a better diffusion or by a
greater loading dose before connecting the catheter to the pump.
In addition, it is difficult to know whether the effects observed in
the patients’ ability to follow a rehabilitation program were due to
the quality of analgesia or systemic effects of the local anesthetic
drug, as already observed with intravenous lidocaine.19
As stated above, the small sample size of this pilot trial is its
main limitation, especially for interpretation of results on out-
comes with a low incidence rate such as long-term morbidity.
This is also true for persistent postsurgical pain; we must point
out that we were not expecting a preventive effect for this type
of pain, but it was assessed to determine whether BLS cathe-
terization was likely to induce per se neuropathic complica-
tions, which would have compromised its future use. Finally, the
sample size may explain the imbalance between groups (for sex
ratio and rate of bypasses); this may not have influenced the
results, but it suggests that further confirmation trials should
consider a stratification of these parameters.
The impairment of postoperative pulmonary function tests
was expected.20 However, the improvement of analgesia by BLS
ropivacaine was not linked to better hemostasis or pulmonary
function. The difficulties in performing these inquiries during
the early postoperative period may have influenced the quality
of the results, but the main explanation for such failure is that
pain was a minor factor in the respiratory dysfunction observed
after sternotomy.21
The levels and time course of the ropivacaine plasma levels
could be interpreted positively, as these remained beneath the
mean level observed for occurrence of neurologic symptoms in
humans (unbound drug: 0.6Kg/mL, ie, ,5Kg/mL of total drug).17
The safety issue must be addressed, however, as (1) neurologic
symptoms may occur at lower levels15,17; (2) the mean limit was
surpassed in 1 patient; and (3) there was a trend toward increased
levels with time, suggesting a risk of toxicity in case of admin-
istration for a longer time or with higher doses. Such levels have
recently been reported after transversus abdominis plane block.22
The risk of toxicity may be lower in the postoperative context
because inflammation increases the level of circulating proteins
and may lower the free ropivacaine plasma concentration.23Y25
In conclusion, a 48-hr infusion of BLS ropivacaine im-
proved postoperative analgesia at rest and during mobilization.
These effects were shown mainly during the second day after
surgery, but the quality of rehabilitation (except for respiratory
outcomes) was also improved. Large-sample studies are now
needed to give precision about safety and efficacy on postop-
erative morbidity. It would be interesting, too, to focus on a
subpopulation of patients, such as obese or elderly individuals,
for whom an impaired quality of rehabilitation may have severe
consequences.
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ORIGINAL ARTICLE
Bilateral sternal infusion of ropivacaine and length of stay
in ICU after cardiac surgery with increased respiratory risk
A randomised controlled trial
Vedat Eljezi, Etienne Imhoff, Daniel Bourdeaux, Bruno Pereira, Mehdi Farhat,
Pierre Schoeffler, Kasra Azarnoush and Christian Dualé
BACKGROUND The continuous bilateral infusion of a local
anaesthetic solution around the sternotomy wound (bilateral
sternal) is an innovative technique for reducing pain after
sternotomy.
OBJECTIVE To assess the effects of the technique on the
need for intensive care in cardiac patients at increased risk of
respiratory complications.
DESIGN Randomised, observer-blind controlled trial.
SETTING Single centre, French University Hospital.
PATIENTS In total, 120 adults scheduled for open-heart
surgery, with one of the following conditions: age more than
75 years, BMI>30 kg m2, chronic obstructive pulmonary
disease, active smoking habit.
INTERVENTION Either a bilateral sternal infusion of 0.2%
ropivacaine (3ml h1 through each catheter; ‘intervention’
group), or standardised care only (‘control’ group). Analgesia
was provided with paracetamol and self-administered intra-
venous morphine.
MAIN OUTCOME MEASURES The length of time to readi-
ness for discharge from ICU, blindly assessed by a commit-
tee of experts.
RESULTS No effect was found between groups for the
primary outcome (P¼0.680, intention to treat); the median
values were 42.4 and 37.7 h, respectively for the control
and intervention groups (P¼0.873). Similar nonsignificant
trends were noted for other postoperative delays. Signifi-
cant effects favouring the intervention were noted for
dynamic pain, patient satisfaction, occurrence of nausea
and vomiting, occurrence of delirium or mental confusion
and occurrence of pulmonary complications. In 12 patients,
although no symptoms actually occurred, the total ropiva-
caine plasma level exceeded the lowest value for which
neurological symptoms have been observed in healthy
volunteers.
CONCLUSION Because of a small size effect, and despite
significant analgesic effects, this strategy failed to reduce the
time spent in ICU.
TRIAL REGISTRATION EudraCT (N8: 2012-005225-69);
ClinicalTrials.gov (NCT01828788).
Published online 12 December 2016
Introduction
Pain after open cardiac surgery, primarily located at the
sternotomy incision, is often of severe intensity, and is
aggravated by coughing, deep breathing, moving or turn-
ing in bed and mobilisation.1–4 A relationship between
pain intensity and impairment of pulmonary function
after sternotomy has already been shown,5,6 generating
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the hypothesis that insufficient pain relief favours pul-
monary complications.7–9 The latter are indeed a fre-
quent cause of morbidity after cardiac surgery,10–12
especially when risk factors, such as older age, obesity,
chronic obstructive pulmonary disease (COPD) and
smoking history apply.7 Such complications may have
serious consequences, as they prolong hospital stay and
may increase costs and even mortality.11,13
To stop this vicious cycle, strategies aimed at reducing
pain, especially its ‘dynamic’ aspect during movement,
and active encouragement of early physiotherapy
and mobilisation, would probably reduce the risk of
postoperative complications.14–16 However, such strat-
egies need effective analgesia such as that provided by
thoracic epidural analgesia (TEA), which has been shown
to reduce the rate of pulmonary infection in cardiac
surgery.17 A continuous bilateral sternal (BLS) infusion
of a local anaesthetic through multihole catheters to
provide a nociceptive block of the anterior branches of
intercostal nerves at the lateral margins of the sternum,18
is an emerging alternative to TEA. We recently tested it
against placebo in a double-blind design in nonselected
patients undergoing open cardiac surgery and found it to
be effective in the reduction of dynamic pain (the
primary outcome in that study) and to facilitate some
aspects of rehabilitation.19 We also hypothesised that the
local anaesthetic itself could act positively on pulmonary
vascular inflammation and endothelial hyperpermeabil-
ity.20 Lastly, the BLS catheter insertion is an easy tech-
nique with a short learning curve, and very low rates
of failure and complications. We therefore wished to
study its potential impact on postoperative morbidity,
in a selected sample of patients at risk of postoperative
pulmonary complications. The primary outcome we
targeted was the length of time to readiness for discharge
from the ICU.
Methods
Trial design and participants
This randomised, observer-blind, controlled trial was
approved by the relevant research ethics committee
(CPP Sud-Est VI, Clermont-Ferrand,) on 16 January
2013 and registered with EudraCT (N8: 2012–005225-
69) and on ClinicalTrials.gov (NCT01828788). Inclusion
criteria were patients scheduled for open-heart surgery
with sternotomy and cardiopulmonary bypass (CPB) for
valve replacement or coronary artery bypass grafting, with
at least one of the following respiratory risk factors: age
more than 75 years; BMI more than 30 kg m2; COPD
defined by the preoperative forced expiratory volume to
forced vital capacity ratio (FEV1/FVC), assessed either
by a specialist physician or by the team who completed
the preoperative assessment, or smoking habit, either
active or discontinued within the last 3 months. Exclu-
sion criteria were emergency surgery or heart transplant,
aortic dissection, scheduled additional thoracotomy, re-
operation, left ventricular ejection fraction less than 40%,
mean pulmonary arterial pressure more than 50mmHg,
preoperative cardiac failure or using intra-aortic balloon
pump, vital capacity or FEV1 less than 50% of predicted
values, renal insufficiency with creatinine clearance less
than 30ml min1, pregnancy, cognitive impairment or
incapacity to sign the informed consent or to use patient-
controlled analgesia (PCA), chronic use of opioids or drug
addiction, and known allergy to any of the study drugs.
Patients received a detailed study explanation at preo-
perative consultation, and the day before surgery, after
giving their signed consent, they were instructed how to
rate their pain from 0 (no pain) to 10 (maximum pain
imaginable) on a numerical rating scale and in the use of
the PCA.
Interventions
The evening before surgery and 1 h before anaesthesia,
the patients received 1mg kg1 of oral hydroxyzine. On
arrival in the operating theatre, venous access was estab-
lished with one large peripheral intravenous cannula.
A radial artery cannula for direct blood pressure monitor-
ing, five-lead electrocardiography, pulse oximetry and
monitoring of bispectral index (BIS) and neuromuscular
blockade were set up. General anaesthesia was induced
with intravenous (i.v.) propofol 1 to 2mg kg1, sufentanil
0.3mg kg1 and cisatracurium 0.15mg kg1. After tra-
cheal intubation, the lungs were mechanically ventilated
with oxygen (30 to 100% according to SpO2) and air at
12 breaths per minute and a 7ml kg1 tidal volume
adjusted to maintain end-tidal carbon dioxide values in
the 27 to 32mmHg range. Positive end-expiratory pres-
sure was not applied. After induction, a four-channel
central venous line was inserted into the internal jugular
vein, and a catheter was inserted into the bladder for
continuous drainage of urine. Patients were given 1.5 g of
i.v. cefuroxime and 2 g of i.v. tranexamic acid. Anaesthe-
sia was maintained with sevoflurane before and after CPB
and propofol during CPB. The rate of administration was
titrated to maintain BIS between 40 and 60. Analgesia
was provided with sufentanil 0.5mg kg1 h1 and muscle
relaxation with cisatracurium 0.6mg kg1 h1 titrated to
give a null response in the train of four. At the withdrawal
of CPB, cardiovascular performance was improved by
measures that included temporary tilt position, intravas-
cular fluid loading, cardiac electrical pacing, vasopressors
and inotropic support.
Before the end of surgery all patients were randomised
into either the control group, who received a standard
postoperative analgesia regimen or the interventional
group who received the same standard regimen and
analgesia with BLS infusion of ropivacaine.
The propofol infusion was maintained during transport
from theatre to the ICU and until tracheal extubation.
T0 was the time of the patient’s arrival in the ICU.
Routine intensive care monitoring, chest radiography
Bilateral sternal anaesthetic infusion after sternotomy 57
Eur J Anaesthesiol 2017; 34:56–65
Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.
and electrocardiography were performed on all patients.
Standard laboratory tests were done at T0, then daily and
at the physician’s request; plasma troponin (cTnI) was
measured at T0, T0þ6 h and T0þ12 h as a minimum.
Heparin 50 IU kg1 day1 was started at the sixth hour
after surgery (except special cases), and was then
increased as indicated clinically; aspirin 75 to 250mg
day1 was also given. The propofol infusion was discon-
tinued when the vital signs were considered to be stable.
Extubation was performed once the patient had adequate
haemostasis, was able to respond to simple commands
and could breathe spontaneously. Patients were then
placed in a 308 sitting position.
Postoperative analgesia was standardised for the two
groups and included 1 g of i.v. paracetamol every 6 h
and i.v. morphine chlorhydrate, when requested by the
patient in the ICU (2mg i.v. boluses until pain score 3/
10), then delivered via a PCA device.
In the intervention group, two multihole catheters with a
19 cm diffusion area (ON-Q SilverSoaker: I-Flow Cor-
poration, Lake Forest, CA, USA) were inserted by the
surgeon after sternotomy closure. They were inserted
with the help of a 17 Gauge 8 inches tunneler (ON-Q
Tunneler Sheath: I-Flow Corporation, Lake Forest, CA,
USA), inserted lateral to the xiphoid at the subcostal
margin and directed upwards below the pectoral muscles
over the costo-sternal margin parallel to the sternotomy
incision. These catheters were connected by a Y-shaped
tube to a continuous flow perfusion device (Halyard
Health, Irvine, California, USA) to administer the local
anaesthetic. A single suture was used to close the intro-
duction point and to secure the catheter. Following
insertion of the catheters and a negative aspiration test,
the patients received 10ml of 0.2% ropivacaine (Naropin
2mg ml1, AstraZeneca, Rueil-Malmaison, France).
After the initial bolus, a continuous infusion of ropiva-
caine 0.2% was administered at a fixed rate of 6ml h1 for
48 h. The patients in the control group did not have
catheters inserted.
Haemodynamic support, if necessary, included intrave-
nous fluid loading, inotropic support, norepinephrine or
urapidil. Vital signs, Glasgow coma scale, level of seda-
tion, urine output, chest tube drainage volume and
gastrointestinal function were recorded at T0þ4 h, then
every 4 h until T0þ48 and then every 8 h until 80 h.
Patients were transferred to oral therapy if possible
after the first postoperative day, with priority given to
cardiovascular drugs and to preoperative treatment.
Gastrointestinal function was assessed from the first
morning after surgery by recording the first event of
the following outcomes: flatus, faeces, dietary intake
and oral medication intake. Patients were transferred
to the surgical ward when none of the following supports
were necessary: inotrope or vasopressor treatment,
mechanical ventilation, dialysis and there was no life-
threatening disturbance of rhythm. Physiotherapy began
at T0þ24 h if possible, with 15-min sessions once or
twice a day and self-managed exercises. The programme
included multimodal controlled respiratory exercises
(diaphragmatic breathing, inspiratory flow control, forced
expiration with open glottis and cough) and active mobil-
isation (favouring the lower limbs).
Just before the beginning of BLS infusion and at 12, 24,
36 and 48 h afterwards, blood samples for ropivacaine
analysis were drawn from those patients receiving the
ropivacaine infusion. The total ropivacaine plasma con-
centration was measured by High Performance Liquid
Chromatography (HPLC) after solid-phase extraction.
The solid-phase extraction was performed using a Vac-
Elut system (Varian Medical Systems Inc., Palo Alto, CA,
USA) and C18 100-mg cartridges (Macherey Nagel,
Hoerdt, France). Before the solid phase extraction of
the sample, 20ml of a 50 mg l1 aqueous lidocaine
solution (used as an internal standard) was added to
980ml of plasma sample (final lidocaine concentration
of 1 mg l1). One ml of this solution was extracted with a
C18 cartridge previously rinsedwith 2ml ofmethanol and
2ml of water. After sample extraction, the cartridge was
washed with 2ml of acetonitrile–water (30 : 70 v/v) to
eliminate undesirable compounds (but not ropivacaine
or lidocaine) and left to dry for 3min. Purified ropivacaine
and lidocaine fixed on the cartridge were then eluted with
1 ml of methanol, and 50ml of this eluate were injected
onto the chromatographic system. The analysis was
carried out with a 150 4.6mm2 intradermal Spherisorb
Phenyl 5-mm analytical column (Waters, Saint-Quentin-
en-Yvelines, France) fitted on a liquid chromatographic
system composed of an AS-2055 Plus autosampler, a
PU-2080 Plus pump and a UV-275 ultraviolet detector
(Jasco, Lisses, France). The mobile phase was an
acetonitrile–potassium phosphate buffer (0.01M, pH
4.7) 60 : 40 v/v and the flow rate was 1.5ml min1. Absor-
bance was measured at a wavelength of 210 nm. Lido-
caine and ropivacaine were obtained from AstraZeneca
(Södertälje, S). Six calibration standard solutions were
prepared to create the calibration curve: 80 ml of ropiva-
caine stock solution (respectively 1.875, 3.75, 7.5, 15, 30,
60 mg l1), and 20ml of a 50mg l1 aqueous lidocaine
solution used as an internal standard were added to 900ml
human plasma from the blood transfusion centre at
Clermont-Ferrand (final concentration from 0.15 to
4.8 mg l1 for ropivacaine, and 1mg l1 for lidocaine).
These calibration plasma solutions were then extracted
as described above before analysis of the test solutions.
The ultraviolet absorbance measured by the detector at
210 nm was linear for ropivacaine concentrations
(r2> 0.9999). The method has a high level of precision,
with intra-day and inter-day variation coefficients of less
than 5% and the accuracy is correct (< 7%). The limit of
quantification was 0.15mg l1. The ropivacaine recovery
rate was better than 90%.
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Outcomes and sample size calculation
Theprimaryoutcomemeasurewas the lengthof time (h) to
readiness for discharge from ICU. The secondary out-
comes were the in-ICU and in-hospital length of stay
(LOS), readmissions to the ICU, pain scores at rest and
on mobilisation, opioid consumption, the time to get out
of bed with assistance to sit in a chair, duration of oxygen
therapy, time to first dietary intake and oral medication
intake, nausea and vomiting score, patient satisfaction,
postoperative complications andoccurrenceofneuropathic
pain persisting six months after surgery. The occurrence
of a postoperative pulmonary complication was defined
according to theMelbourneGroupScale, validated in 2008
21 and used as an outcome in thoracic surgery,22 (at least
four of the following events: atelectasis or infiltration on
chest X-ray, purulent sputum, physician diagnosis of pneu-
monia/chest infection, temperature >388C, SpO2 < 90%
on air, positive signs on sputum microbiology, white cell
count >11.2 units or readmission/prolonged stay in ICU).
Renal insufficiencywas defined as a serum creatinine level
more than 220mmol l1 or a need for haemodialysis. Other
relevant neurological, cardiac and infectious complications
were also noted, in accordance with recently published
European standards.23
Pain was assessed on numerical rating scale at the same
frequency as for vital signs, first at rest (sites considered:
sternal, back, and leg in the case of saphenous harvest-
ing), then during coughing, just after the patient was
placed horizontally for the measurement of central
venous pressure, and just after each nursing session,
following turning into a lateral position. At T0þ80 h,
morphine consumption and patient satisfaction on a
five-point scale (0: very bad; 1: bad; 2: average; 3: good;
4: very good) were noted. Sedation was assessed with a
Ramsay scale. Nausea or vomiting was noted. A pro-
cedure for identification and treatment of overdose of
local anaesthetic was made available.
Six months after surgery, the patients were telephoned
and asked to respond to a standardised questionnaire
requesting details of sternal pain, the neuropathic mech-
anism of which was identified by a validated discriminant
tool, the DN4.24
The sample size was estimated on the basis of data on
the actual LOS in the ICU, taken from our department
in a similar cohort over the whole of the year 2011. As this
variable followed a skewed asymmetric distribution with
outliers (median value¼ 70 h), we withdrew the cases
with a LOS more than 5 days (likely to correspond to a
complication, in our experience), resulting in the variable
following a Gaussian distribution for the remaining cases
(75% of the whole sample), with SD¼ 32 h. To identify
a 24-h difference in the LOS in ICU, with a¼ 5% and
1–b¼ 90%, the number of patients per group was
estimated at 40, or 60 if the 25% of cases with a LOS
exceeding 5 days were included.
Limitation of potential biases
Patients were randomly assigned prior to the study
following a plan with a block size of 4, by an independent
research assistant responsible for sealed envelopes
containing the allocated treatment and the inclusion num-
ber. The length of time to readiness for discharge from
ICU was defined for each patient by an independent
adjudication committee of two anaesthetists experienced
in perioperative care in cardiac surgery (C.D. and P.S.) and
a cardiac surgeon (K.A.), according to a predefined check-
list, irrespective of the actual delay in discharge after this
time.Themembers of this committeewere all blind to the
patient’s name and the treatment given.The checklist was
based on published recommendations.25 Each case was
presented as a standard electronic file (Excel 2003, Micro-
soft, Redmond, Washington, USA) based on information
from the hospital electronic system containing the clinical
data from the ICU, as well as the data recorded in the
surgical ward on the case report form. If the coefficient of
variation (CV, calculated from the three values of the
primary outcome obtained for each case) exceeded 30%,
before a second assessment was carried out by the com-
mittee to replace this value the members met to agree the
reason for the discrepancy and the value(s) to be corrected.
The aim was to set a new value such that the new CV was
below 30%. The three final values were then averaged.
The occurrence of postoperative complications was also
analysed by a blinded investigator through direct analysis
of the patients’ hospital data.
Statistical methods
Analyses were performed using Stata 13 (StataCorp,
College Station, Texas, USA). The tests were two sided,
with a¼ 0.05. The primary outcome was analysed on an
intention to treat basis as well as per-protocol received,
and secondary outcomes per-protocol only. In case of
in-hospital death, the primary outcome was replaced by
the longest actual LOS in ICU in the whole sample.
Quantitative data were expressed as meanSD if nor-
mally distributed, otherwise as quartiles. The normality
of the distribution was checked with a Shapiro–Wilk test.
Comparisons between groups for nonrepeated data were
conducted using, for categorical variables, x2 or Fisher’s
exact tests, and for quantitative variables, either Student
t-test for a normal distribution and homoscedasticity, or
Mann-Whitney test otherwise. For comparisons of pain
scores between the two groups, the raw data were ana-
lysed without replacing the missing data. In addition, at
each observation time, composite scores for pain at rest
(static) and on mobilisation (dynamic) were generated.
Static pain was the average of sternal and dorsal pain at
rest; dynamic pain was the average of pain on coughing,
after repositioning for measurement of central venous
pressure and after turning into a lateral position during
nursing care. Missing data were replaced using the
formula from a linear regression conducted with the
observations containing full data, first within each domain
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of pain (static/dynamic), then, in the case of all data being
absent for one domain, with information taken from
another domain. This approach was chosen to improve
the estimation of the effect size for each domain of pain.
Repeated longitudinal data were analysed using random
effects regression models (group, time points evaluation
and their interaction as fixed effects) taking into account
between and within patient variability (subject as random
effect). The normality of residuals was checked.
Results
Participant flow and recruitment
The trial started on April 2013 and ended on May 2014.
The CONSORT flow chart of the trial is shown in Fig. 1.
There were two patients for whom systemic overdose
of local anaesthetic was suspected but the plasma con-
centrations of ropivacaine were low and the doses given
were nontoxic.
Baseline data
The two groups had similar baseline characteristics
(Table 1). The most frequent entry criterion for respir-
atory risk was obesity (54.8% of the whole sample),
followed by age over 75 (33.0%), active smoking habit
(27.0%) and COPD (20.0%).
Outcomes and effects
Regardless of the type of analysis, no effect was shown on
the primary outcome, the length of time to readiness for
discharge from ICU (Table 2). Nevertheless, a general
nonsignificant trend of improved recovery is suggested
for the BLS group.
Analgesia was also better in the BLS group, mostly for
pain on movement (Table 2 and Fig. 2). This analgesic
effect decreased with time; the effect on static pain was
only apparent for the early observations, whereas it was
preserved throughout the duration of the study for
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Fig. 1
Enrolment Assessed for eligibility (n = 180)
Randomised (n = 120)
Allocation
Allocated to standard care (n = 60)
Follow-up
Lost to follow-up (n = 0)
Discontinued intervention (n = 0)
Lost to follow-up (n = 0)
Discontinued intervention (n = 5)
♦    Early intra-catheter bleeding needing withdrawal (n = 1)
♦    Early postoperative aortic dissection needing
       emergency surgery (n = 1)
♦    Early postoperative pericardial haemorrhage needing
       emergency surgery (n = 1)
♦    Suspicion of systemic overdose of local anaesthetic:
        ventricular arrhythmia (n = 1), seizures (n = 1)
Analysed (n = 60)
Excluded (n = 60)
♦    Not meeting inclusion criteria (n = 0)
♦    Declinced to participate (n = 0)
♦    Logistical reasons (n = 60)
Analysis
Analysed (n = 60, intention-to-treat)
♦    Excluded from per-protocol analysis  (n = 5), for
       discontinued intervention, cf. supra
♦    Received allocated intervention (n = 60)
Allocated to BLS infusion (n = 60)
♦    Received allocated intervention (n = 60)
CONSORT 2010 flow diagram of the trial.
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dynamic pain. The patients who received the BLS
ropivacaine infusion also reported better satisfaction with
their care than the control group (Table 2).
In general, there were no differences between groups in
the incidences of postoperative complications (Table 3),
although there was a lower incidence of pulmonary
complications (according to theMelbourne Group Scale),
and of delirium and mental confusion in the BLS group,
and – for the other outcomes – a general trend for lower
risk in the BLS group. The studied treatment had no
impact on long-term pain outcomes.
The values for total ropivacaine plasma concentration are
shown in Fig. 3. It demonstrates that the treatment had
been administered to all the allocated patients. A trend
to increased concentrations with time was noted, with a
mean slope of 0.052mg l1 h1. The safety threshold
value of 3.4mg l1 was exceeded in 12 patients (22.2%),
for a total of 22 observations, all but one occurring after
T0þ12 h. No symptoms of overdose were noted.
Discussion
Main results
Despite significant effects of BLS analgesia with ropiva-
caine on important postoperative outcomes, such as
improved pain relief and patient satisfaction, lower opioid
consumption, better participation in respiratory phy-
siotherapy and fewer pulmonary complications, the
BLS treatment did not reduce the time to readiness
for discharge from ICU. The reason for this lack of effect
seems to be because of the small effect size (4 h in the
per-protocol analysis). The study had insufficient power
to highlight any significant differences.
External validity
To help understand our results, we must first compare
them with those of our preliminary pilot study conducted
in nonselected patients, in which the BLS infusion pro-
vided better analgesia, both at rest and during mobilis-
ation.19 In our current study, analgesic effects occurred
even earlier, probably because of improvements in the
technique: by increasing the insertion length from 12.5 to
19 cm to improve the drug diffusion and by increasing the
drug doses. Also, in the current trial, the open design
could have increased the analgesic effect. Although the
previous study reported an improvement of dietary
intake, mobilisation and involvement in physiotherapy,
these effects were too small to be significant here. How-
ever, a lower incidence of pulmonary complications in
patients with increased respiratory risk was noted in this
study, although such a risk was probably too low to be
affected by the BLS analgesia in nonselected patients.
We must also point out that, despite a reduction in
dynamic pain, the technique did not affect the post-
operative spirometric outcomes.19 We have no grounds
for a ‘no pain, no gain’ theory, as the pain scores in
our control group were no lower than those reported in
similar control groups, with paracetamol and morphine
ad libitum.26,27 To summarise, we suggest that better
analgesia – even if it has positive effects on physiother-
apy and therefore reduces the risk of pulmonary compli-
cations – is not sufficient to reduce the LOS in ICU.
Therefore, physiological factors other than pain must be
targeted to achieve that end.
Bilateral sternal anaesthetic infusion after sternotomy 61
Table 1 Baseline characteristics
Control
(nU60)
BLS
(nU55) P value
Preoperative characteristics
Age (years) 68.49.3 67.99.8 0.798
Age >75 years 20 (33.3) 18 (32.7) 0.945
Sex: women 9 (15.0) 9 (16.4) 0.841
BMI (kg m2) 29.44.4 30.74.9 0.123
BMI>30 kg m2 29 (48.3) 34 (61.8) 0.147
Previous medical history
Euroscore 2 (%) 1.621.16 1.851.25 0.322
Chronic obstructive
pulmonary disease
14 (23.3) 9 (16.4) 0.469
Active smoking habit 16 (26.7) 15 (27.3) 0.942
Sleep apnoea syndrome 5 (8.3) 3 (5.7) 0.721
Arterial hypertension 29 (48.3) 29 (54.7) 0.498
Peripheral arterial disease 11 (18.3) 11 (20.8) 0.746
Atrial fibrillation/flutter 8 (13.3) 6 (11.3) 0.783
Pulmonary arterial
hypertension
6 (10.0) 8 (15.1) 0.569
Stroke 5 (8.3) 6 (11.3) 0.753
Diabetes 14 (23.3) 17 (32.1) 0.299
Dyslipidaemia 23 (38.3) 22 (41.5) 0.731
Chronic renal insufficiency 3 (5.0) 1 (1.9) 0.621
Thyroid disease 4 (6.7) 4 (7.8) 1.000
Mental disease 7 (11.7) 2 (3.4) 0.170
Summary: no. of entry criteria for respiratory riska
1 43 (71.7) 34 (61.8) 0.127
2 15 (25.0) 21 (38.2)
3 2 (3.3) 0 (0.0)
Surgery and anaesthesia
Total duration
of surgery (min)
23763 23372 0.748
Duration of extracorporeal
circulation (min)
84 [62.5 to 110.5] 87 [61 to 109] 0.920
Duration of aortic cross
clamping (min)
65 [49.5 to 89] 68 [49 to 85] 0.910
Dose of intraoperative
sufentanil (mg)
158 [125 to 181] 150 [129 to 180] 0.894
Valve replacement 37 (61.2) 37 (67.3) 0.393
Aortic 33 34 NC
Mitral 4 5
Tricuspid 3 1
Ascending aorta 3 5
Coronary bypass 35 (58.3) 25 (45.5) 0.167
Internal thoracic artery harvesting
Left 32 (53.3) 25 (45.5) NC
Right 17 (28.3) 12 (21.8)
Saphenous harvesting 14 (23.3) 12 (21.8)
No. of anastomoses (when applicable)
1 9 4 NC
2 12 5
3 8 13
4 to 5 6 3
Patient characteristics from control and BLS groups. Numerical data are
expressed as meanSD or median (interquartile range). Categorical data are
expressed as number of patients and percentage. BLS, bilateral sternal; NC, not
calculated. a The criteria were: age >75 years, BMI>30 kg m2, active smoking
habit, or chronic obstructive pulmonary disease.
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Study limitations
Our first motivation for an open design in the current
study was the growing ethical issues raised by the use of
an invasive placebo,28 but such a design also has its
limitations. We had already demonstrated the greater
analgesic effect of the BLS infusion vs. placebo in a
double-blind design,19 and this was only a secondary
outcome of the current study. Many clinical outcomes
were analysed without knowledge of the treatment given.
We specifically chose, as our primary outcome, the length
of time to readiness for discharge from ICU as opposed to
the actual LOS in the ICU, which is subject to nonme-
dical factors (e.g. patients eligible for discharge at the
weekend are likely to stay until Monday), and therefore
hard to compare with non-French practice. This explains
why values for actual LOS were much higher than the
blindly assessed time to readiness. With an open design
however, we acknowledge that the effect could have
been higher than it would have been if double-blind;
conversely, the observed effect size is closer to real-life
conditions. This leads us to the potential application of
our results, as catheters for postoperative analgesia would
incur a cost for the institutions and thus should be
justified economically. Therefore, a cost/benefit analysis
should be conducted in addition to our results, acknowl-
edging that such analyses are highly dependent on
the health system in which the study is undertaken.
In such a study, too, greater statistical power to determine
the effects on postoperative complications would be
necessary.
We defined our patients at risk of respiratory compli-
cation on the basis of Wynne and Botti’s review,7 in
which the most cited risk factors were age over 70 to 80,
obesity, history of smoking and COPD (the other listed
factors were exclusion criteria in our study). We pre-
ferred this to a risk score such as the ARISCAT,13 which
is not specific to cardiac surgery and does not provide a
cut-off value to help decide who to exclude. The actual
risk of respiratory complications in the control group was
23.3% in the current study, vs. 5.2% in nonselected
patients.19
Safety issues
Safety is a major issue for postoperative local and regional
techniques. Although such techniques for sternotomy
have been effective in terms of pain control and narcotic
requirements,29,30 Agarwal et al.31 reported that direct
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Table 2 Postoperative recovery outcomes
Control (nU60) BLS (nU55) P value
Length of time to readiness for discharge from ICU (h)
Intention to treata 42.4 (19.6 to 72.7) 41.4 (24 to 65) 0.680
Per-protocol 42.4 (19.6 to 72.7) 37.7 (23.5 to 57) 0.873
Length of stay in ICU (h) 70 (16 to 117) 66.5 (41 to 94) 0.750
Time to first sitting in chair (h) 48 (44 to 52) 46 (28 to 52.5) 0.067
Length of in-hospital stay (h) 240 (195 to 289) 216 (191 to 267) 0.085
Time to oxygen withdrawal (h) 93 (65 to 143) 86 (68 to 112) 0.750
Time to chest tube withdrawal (h) 65 (46 to 70) 64 (45 to 71) 0.990
Mechanical ventilation exceeding 24h 5 (8.3) 0 (0.0) 0.058
Time from H0 to the first event (h)
Extubation 8.4 (5.7 to 8.5) 7 (5 to 9.5) 0.195
Flatus 72 (44 to 100) 64 (44 to 100) 0.783
Faeces 100 (100 to 100) 80 (100 to 100) 0.087
Dietary intake 72 (40 to 100) 64 (44 to 100) 0.739
Oral medication intake 68 (28 to 100) 64 (40 to 100) 0.998
Nausea or vomiting 8 (13.3) 1 (1.8) 0.022
Postoperative pain (linear mixed model)b
Sternal, at rest 1.34 [1.78] 1.03 [1.52) 0.035
Dorsal, at rest 0.96 [1.60) 0.95 [1.57) 0.984
Static (composite) 1.15 [1.39) 1.00 [1.30) 0.208
At measurement of CVP 2.63 [2.35) 2.30 [2.08) 0.167
At nursing care/mobilisation 3.36 [2.49) 2.74 [2.20) 0.018
During coughing 3.84 [2.43) 2.98 [2.30) 0.020
Dynamic (composite) 3.29 [1.98) 2.72 [1.87) 0.033
Morphine consumption (mg)c 45 (33.5 to 61.5) 43 (25 to 56) 0.160
Patient’s satisfaction <0.0001
Very bad 1 (1.7) 0 (0.0)
Bad 1 (1.7) 0 (0.0)
Average 9 (15.3) 2 (3.7)
Good 32 (54.2) 14 (25.9)
Very good 16 (27.1) 38 (70.4)
Postoperative recovery outcomes of control and BLS groups (per-protocol analysis). Numerical data are expressed as meanSD or median (interquartile range).
Categorical data are expressed as number of patients and percentage. H0 is the time of the patient’s arrival in the ICU. BLS, bilateral sternal; CVP, central venous pressure.
a In this analysis, there were 60 patients in the BLS group. b The displayed data are the grand means throughout the 72-h observation, and the P values are for the post hoc
analyses (after significance was reached for all linear mixed models, P<0.0001, with a time effect). c During the first 78 postoperative hours.
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infusion of ropivacaine into the sternal wound was associ-
ated with a 9.1% incidence of sternal wound infection.
This complication can be a serious concern, especially in
terms of responsibility for the surgical team. However,
our BLS approach is theoretically devoid of such risk, as
local anaesthetics are infused away from the sternal
wound. This was confirmed in our study by the absence
of infection in the treatment group, whereas one case of
mediastinal infection was reported in the control group.
The BLS infusion can also be performed in patients
taking platelet inhibitors or with a high level of antic-
oagulation. Although TEAmight offer superior analgesia,
a systematic review by Landoni et al.32 recently estimated
the risk of epidural haematoma at 1 : 3552 patients. This,
in our opinion, is not a negligible risk, particularly taking
into account the trend for increased antiplatelet and
anticoagulant treatments in this patient group since this
review was conducted. Furthermore, the benefit vs. risk
ratio of TEA also needs to be considered in terms of
failure of catheter insertion (5.2%), malfunction of TEA
(12.7%), logistic and manpower issues for catheter inser-
tion before the day of surgery and consequently increased
cost.33 This may explain why only 7% of the anaesthetists
caring for cardiac surgery patients use TEA in their
practice.34
We cannot deny that our protocol led to high ropivacaine
plasma levels. The BLS local anaesthetic was infused
into tissues where drug absorption is slower than it would
be in the pleura but, with good analgesia in mind, we
chose a relatively high infusion rate (20mg of ropivacaine
as a loading dose, then 12mg h1). As a result, the plasma
level of ropivacaine exceeded 3.4mg l1, the lowest value
at which neurological symptoms have been observed in
human volunteers,35 in 22% of the treated patients. This
compared with 5% in our previous study in which the
doses were lower (10mg then 8mg h1).19 The absence
of any report of symptoms suggests that the risk of
systemic toxicity was theoretical, although the sample
size is too small to determine safety. Neurotoxicity has
been reported after single-shot regional anaesthesia with
ropivacaine, with total plasma levels that were often
exceeded in the current study.36,37 The apparent toler-
ance observed here can first be explained by continuous
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The linear regression curve of the composite scores for pain at rest
plotted against the time of the patient’s arrival in the ICU (‘T0’) with
95% confidence interval, for control and bilateral sternal groups.
Table 3 Postoperative complications
Control
(nU60)
BLS
(nU55) P value
In hospital
Pulmonary complicationa 14 (23.3) 4 (7.3) 0.021
Septicaemia 2 (3.3) 3 (5.5) 0.669
Wound infection 1 (1.7) 0 (0.0) 1.000
Mediastinitis 1 (1.7) 0 (0.0) 1.000
Extrapulmonary infection 11 (18.3) 5 (9.1) 0.184
Infection at any site 18 (30.1) 8 (14.6) 0.073
Cardiac arrhythmia
Supraventricular 13 (21.7) 20 (36.4) 0.100
Ventricular 2 (3.3) 2 (3.6) 1.000
Need for pacemaker implantation 1 (1.7) 1 (1.8) 1.000
Myocardial infarction 0 (0.0) 0 (0.0) 1.000
Pulmonary embolism 0 (0.0) 1 (1.8) 0.478
Cardiac tamponade 2 (3.3) 0 (0.0) 0.497
Prolonged ileus 5 (8.3) 3 (5.5) 0.719
Mesenteric infarction 1 (1.7) 0 (0.0) 1.000
Peritonitis 1 (1.7) 0 (0.0) 1.000
Acute renal insufficiency 3 (5.0) 2 (3.6) 1.000
Delirium/mental confusion 13 (21.7) 2 (3.6) 0.005
Stroke 0 (0.0) 0 (0.0) 1.000
Prolonged stay or readmission to ICU 7 (11.7) 1 (1.8) 0.063
In-hospital death 1 (1.7) 2 (3.6) 0.606
Late postoperative survey (pain outcomes)b
Delay after surgery (days) 19917 19836 0.549
Persistent sternal pain at restc 4 (6.9) 3 (6.0) 0.850
Persistent sternal pain at movement 11 (19.0)d 17 (34.0)e 0.075
Persistent sternal neuropathic pain 1 (1.7) 1 (2.0) 1.000
Postoperative complications in control and BLS groups (per-protocol analysis).
The late postoperative survey was conducted by phone call 6 months after
surgery. Categorical data are expressed as number of patients and percentage.
Numerical data are expressed as meanSD. BLS, bilateral sternal; NC, not
calculated. a Defined according to the Melbourne Group Scale, that is, at least
four of the following events¼ atelectasis or infiltration on chest X-ray, purulent
sputum, physician diagnosis of pneumonia/chest infection, temperature >388C,
SpO2 <90% on air, positive signs on sputum microbiology, white cell count
>11.2 units or readmission/prolonged stay in ICU. b n¼59 and 50, respectively
in control and intervention group, because of 1 and 5 losses to follow-up since
discharge from hospital. c No case reported a pain score over 3/10. d 3 cases
reported a pain score over 3/10. e 3 cases reported a pain score over 3/10.
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administration, which may reduce the redistribution of
the drug.38 Second, the values for the free fraction of
ropivacaine are in general lower when measured in post-
surgical conditions than in healthy volunteers,
for example from 2 to 7.4%,37,39–42 (13% for the mean
values of the sample).43 This is explained by greater
plasma concentrations of proteins such as a1-acid glyco-
protein after surgery,39 leading to a higher bound fraction.
Interestingly, low free fractions have been reported
after blocks performed before surgery,44 supporting the
hypothesis that stress increases the a1-acid glycoprotein
levels. However, the role of inflammation – and the
resultant protective increase in other blood proteins –
needs to be further explored, especially after cardiac
surgery.
Conclusion
When given to patients at risk of respiratory compli-
cations, the BLS infusion provided benefits in terms of
analgesia and other secondary outcomes, but it failed to
reduce the length of time to readiness for discharge
from ICU. Total plasma ropivacaine levels can exceed
the theoretical toxic threshold, although it is difficult to
determine the degree of clinically relevant risk. Before
including this technique in a series of strategies aiming to
improve analgesia and rehabilitation of cardiac surgery
patients, more data are needed from a larger trial that
consider safety and cost vs. benefit ratio.
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Title: Dose-dependent effects of ketoprofen on dynamic pain after sternotomy. 
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Abstract 
Background. Non-steroidal anti-inflammatory drugs (NSAIDs) can reduce postoperative pain, in both static (i.e. 
at rest) and dynamic contexts (e.g. during coughing or mobilization), and reduced doses could improve their 
efficacy/tolerance balance. 
Objectives. To test this hypothesis of efficacy after open heart surgery, in which NSAIDs are poorly used, 
particularly for safety concerns. 
Study Design. Randomized, double-blind trial. 
Setting. Single-center, French university hospital. 
Methods. Patients. One hundred patients at low risk of postoperative complications undergoing scheduled open 
heart surgery (97 analyzed). Intervention. We tested intravenous ketoprofen, at a dose of 0.5 mg.kg-1 every 6 
hours during the 48 hours following the end of sedation, after surgery. This standard protocol was compared to a 
similar one in which half doses were administered, to one with quarter doses, as well as to a placebo group. 
Analgesia was supplemented by acetaminophen plus self- and nurse-administered intravenous morphine. 
Measurement. The primary outcome was the intensity of dynamic pain, assessed over 48 hours on an 11-point 
numerical rating scale (NRS). 
Results. Only the full-dose ketoprofen group showed reduced dynamic and static postoperative pain, vs. placebo 
(P<0.00001 for both). The evolution of dynamic pain suggested a delayed and therefore non-significant effect 
with the low doses. Ketoprofen did not affect either the postoperative morphine consumption, or the tolerance 
outcomes, such as the volumes of chest tube drainage and the renal function. 
Limitations. This pilot trial was undersized to test major tolerance outcomes. 
Conclusions. Although we failed to demonstrate any analgesic effects with low doses of ketoprofen, we 
confirmed the good efficacy/tolerance balance with this propionic NSAID of intermediate COX2-selectivity. 
Lower doses of NSAIDs, potentiated by a loading dose, should be tested in the future. 
IRB approval: CPP Sud-Est VI (Clermont-Ferrand, France), on 23/12/2013. 
Clinical trial registry: EudraCT (2013-003878-27); ClinicalTrials.gov (NCT02180087). 
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Introduction 
 
Pain following sternotomy is moderate to severe (1,2), and the current multimodal analgesia has shown good 
efficacy for pain at rest, although the use of opioids can have side effects. However, “dynamic” pain, i.e. induced 
by the patient’s movements or mobilization for nursing, which may impact postoperative rehabilitation (3), is 
more resistant to current analgesia (1,2,4), and may require techniques such as locoregional anesthesia, which 
use is controversial in cardiac surgery (5). Non-steroidal anti-inflammatory drugs (NSAIDs) have been shown 
effective to relief some aspects of dynamic pain in various surgeries (6-11), including sternotomy (12). They also 
have an opioid-sparing effect after cardiothoracic surgery (13). Nevertheless, the routine use of NSAIDs in 
cardiac surgery raises tolerance issues of various importance, from a general reluctance due to the gastric and 
renal side effects (14), to the clearly identified pro-thrombotic effects of COX2-selective NSAIDs (15,16). For 
these reasons, the US Food and Drug Administration discouraged the use of any NSAID in coronary surgery in 
2005 (17), while, for example, the injectable non-selective NSAID ketoprofen – labelled for postoperative pain 
in France –  does not exclude cardiac surgery (18). Also, there is a need to consider the interest of administering 
lower doses of NSAIDs, under the hypothesis that the analgesic efficacy would not be affected (19-21), while 
side effects would be reduced (22). The aim of this pilot trial is to test the efficacy hypothesis, with postoperative 
dynamic pain as a primary outcome. Studying tolerance – through intermediate outcomes – was a secondary 
endpoint. 
 
Methods 
 
This prospective randomized, placebo-controlled, double-blind, single-center trial was approved by the referent 
research ethics committee and registered on Clinical-Trials.gov (NCT02180087) and EudraCT (2013-003878-
27). The inclusion criteria were adult patients, aged 18 to 75, with a body weight from 60-to-100kg, scheduled 
for open-heart surgery with sternotomy for valve replacement or coronary artery bypass grafting (CABG), with 
cardiopulmonary bypass (CPB). The exclusion criteria were: renal insufficiency defined as a creatinine clearance 
<60mL.min-1 (estimated by the Modification of Diet in Renal Disease study equation for a 1.73-m2 body 
surface), hepatic insufficiency, congestive heart failure with ejection fraction <45%, history of gastric peptic 
ulcer or gastrointestinal bleeding  (2 distinct episodes of bleeding), diabetes mellitus needing insulin therapy, 
preoperative coagulation disorder, allergy to NSAID, pregnancy or breastfeeding, incapacity to understand the 
protocol and sign the consent or use patient-controlled analgesia (PCA), emergency surgery, heart transplant, 
aortic dissection, additional thoracotomy, redo sternotomy. Patients received a detailed explanation of the study 
during a preoperative consultation. The day before surgery, they gave their signed consent, were shown how to 
report pain on an 11-point numerical rating scale (NRS) from 0 (no pain) to 10 (maximum pain), and how to use 
the PCA device. The upper limit for weight was defined in order to keep in the recommended dose range, and 
the lower limit, to fit to the study population (mean weight estimated at 79kg from pilot data). 
Patients were premedicated with hydroxyzine. General anesthesia was conducted under a standard monitoring 
with invasive blood pressure, 5-lead electrocardiography, bispectral index monitor, pulse-oxymetry, 
neuromuscular monitoring, 4-port central jugular venous line, and urinary catheter. Induction of anesthesia was 
conducted with i.v. propofol, sufentanil, and cisatracurium; after tracheal intubation, anesthesia was maintained 
with the same drugs by continuous infusion, except before and after CPB, during which hypnosis was achieved 
by inhaled sevoflurane. The target for bispectral index was 40-60. Sufentanil was started at 0.5 μg.kg.hr-1, then 
modulated according to clinical observation. The mechanical ventilation targeted a PETCO2 in the 30-35 mmHg 
range, and SpO2 over 95%. Antibiotic prophylaxis was achieved by cefuroxime (for 48h) and prevention of 
bleeding by tranexamic acid. At CPB withdrawal, hemodynamics were controlled using if necessary, the 
temporary tilt position, intravascular fluid loading, cardiac electrical pacing, vasoactive or inotropic support. 
Patients were randomized into one of the four study groups. In the group “ketoprofen full dose” (Kfull) group, 
the patients received intravenous ketoprofen (Kétoprofène Medac®, Lyon, France, presented in 4-mL/100-mg 
ampoule), 0.5 mg.kg-1 every 6h until the 48th postoperative hour. In the “ketoprofen half dose” (K½d) and the 
“ketoprofen quarter dose” (K¼d), the protocol was the same, but the respective doses of ketoprofen administered 
at each time were 0.25 and 0.125 mg.kg-1. In the placebo group, only normal saline was administered. The study 
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drug was prepared by an anesthetist nurse not involved of postoperative care, under the control of the anesthetist 
in charge of the patient, who opened the allocation envelope. For each patient, the study solution was prepared in 
a sterile manner for the following 48h (1 vial for each 24h). Respectively for the Kfull, K½d, K¼d and placebo 
groups, 8, 4, 2 or 0 mL of ketoprofen (100 mg.ml-1) were diluted in 20 mL normal saline in a syringe. A weight-
defined volume of this 20 mL corresponding to the target dose for 24h was then kept (e.g. for 80 kg, 16 mL = 
160, 80, 40 or 0 mg per 24h). This daily dose was diluted in a vial of normal saline to a final volume of 120 mL. 
The vial was protected from daylight and 30 mL were transferred every 6 hours via a closed line to an 
electrically-driven syringe for a 30-min infusion. This procedure was in accordance with the stability data for the 
drug. The treatment was started just before the sedation was discontinued, i.e. before the patient woke up in the 
postoperative care unit (PACU); this was defined as T0. All providers were blinded to the treatment group, and 
the patient was unaware of the treatment administered, throughout the study. Nobody in the PACU and surgical 
ward staff was aware of the treatment administered. 
 
Sedation was maintained with intravenously administered propofol during transport from the operating room, 
then until tracheal extubation. Mechanical ventilation in the PACU was maintained with the same parameters. 
Routine intensive care monitoring, chest radiography, and electrocardiography were performed as well as 
standard laboratory tests at T0, then daily and at the physician’s request. Sedation was discontinued when the 
patient’s vital parameters and core temperature had returned to normal. The trachea was extubated once the 
patient could respond to simple commands and breathe spontaneously with good hematosis. All patients were 
placed in a 30-degree sitting position, a protocol for analgesia was applied with i.v. acetaminophen (1g q6h), 
plus i.v. morphine chlorhydrate ad libitum (Morphine Aguettant, Lyon, F). Morphine was initiated by the 
referent nurse when the patient first requested it; 3 mg intravenously per bolus was administered until the pain 
score went under 3/10, then it was delivered via a PCA device (Frydom 5, Vygon, Ecouen, F). The protocol for 
PCA included dilution into normal saline of morphine (1 mg.mL-1) plus droperidol (0.05 mg.mL-1), 1-mL 
boluses, and a 7-min refractory period, with no continuous infusion. The standard post cardiac surgery care 
included: preventive anticoagulation by i.v. heparin followed by oral aspirin. Medications were given orally at 
POD1 if possible, with priority to the cardiovascular-targeting ones. The patient was transferred to the surgical 
ward when none of the following was necessary: inotropic or vasopressive treatment, mechanical ventilation, or 
dialysis, and in the absence of a life-threatening rhythm disturbance. 
The primary outcome was the intensity (NRS) of dynamic pain, measured as the mean of the pain scores evoked 
by: coughing, horizontal placement of the patient to measure the central venous pressure measurement, and 
sideways turning of the patient for nursing. The secondary efficacy outcomes were: intensity of pain during 
movement, considering each condition separately; intensity of pain at rest at different sites (sternotomy, back, 
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and site of saphenous vein harvesting if any); postoperative morphine consumption; sedation as quoted on the 
Ramsay’s scale; postoperative recovery parameters (flatus, dietary intake, and oral medication intake); and 
global satisfaction of the patient recorded on a 5-point Likert-like scale (0 = not satisfied at all; 1 = unsatisfied; 2 
= somewhat satisfied; 3 = satisfied; 4 = very satisfied). The secondary tolerance outcomes were: blood gas 
analyses; chest drain product and removal time; occurrence of postoperative nausea and vomiting; report of 
postoperative complications; length of stay in the PACU. The following events were considered as relevant 
complications: acute renal failure according to the KDIGO criteria based on urinary output per 4hrs, serum 
creatinine level at POD1 and POD2, and creatinine clearance at POD2; (23) need for mechanical ventilation over 
24h; pneumonia; myocardial infarction; cardiac arrhythmia de novo needing medication or cardioversion; acute 
pulmonary edema; stroke; coma, mediastinal or sternal wound infection, bleeding in chest drains >50 mL.hr-1 or 
bleeding needing reoperation, gastric or intestinal hemorrhage, any need for readmission in PACU within the 2 
weeks after surgery. The outcomes were recorded from the first administration of the study drug at T0, then 
every 4h until T0+48h. 
Analyses were performed using Stata 13. The tests were two-sided, with =0.05. Quantitative data were 
expressed as mean ± SD for a normal distribution and otherwise as quartiles. The normality of the distribution 
was checked with a Shapiro-Wilk test. Comparisons between groups for non-repeated data were conducted 
using, for categorical variables, Chi-squared or Fisher exact tests, and for quantitative parameters, either an 
ANOVA for a normal distribution with homoscedasticity, otherwise a Kruskall-Wallis test. For comparison of 
pain scores between the two groups, the raw data were analyzed without replacing the missing data. In addition, 
at each observation time, composite scores for pain at rest (static) and during mobilization (dynamic) were 
generated. Static pain was the average of sternal and dorsal pain at rest; dynamic pain was the average of pain 
during coughing, measurement of CVP, and nursing care. Missing data were replaced using the formula from a 
linear regression based on the full set of observations, first within each domain of pain (static/dynamic), then – if 
all data were missing for one domain – information was taken from the other domain. This approach was chosen 
to improve the estimation of the effect size for each domain of pain. Repeated longitudinal data were analyzed 
using random-effect regression models (group, time-point evaluation and their interaction as fixed effects) taking 
into account between- and within-patient variability (subject as random-effect). The normality of residuals was 
checked. 
We worked on the hypothesis of there being a significant reduction of pain in one of the ketoprofen groups vs. 
the placebo group. The sample size was estimated from data obtained in a pilot open non-randomized study 
comparing administration of ketoprofen 50 mg q6h, to none administered. The mean differences (in mm out of 
100, ± SD) for pain at rest, pain during central venous pressure measurement and pain during nursing, were 13 ± 
10, 22 ±  17 and 29 ± 19, respectively. With  = 0.05 / 6 and 1- = 0.95, the group size was 22, 22 and 16. We 
reset it to 25 to consider secondary exclusions. 
 
Results 
 
The study started on 31/01/2014. The flow chart for the trial is shown in Figure 1. Table 1 shows the 
characteristics of the four groups before randomization, showing a good homogeneity between groups, except 
for gender, as there was an overrepresentation of females in the placebo group. 
Tableau 1. Baseline characteristics. 
 
Placebo 
(n = 24) 
K¼d 
(n = 24) 
K½d 
(n = 25) 
Kfull 
(n = 25) 
P value 
Preoperative characteristics 
Age (years) 58 ± 13 60 ± 11 63 ± 7 63 ± 9 0.501 
Height (cm) 170 ± 8 173 ± 6 170 ± 7 172 ± 8 0.362 
4
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Weight (kg) 77 ± 8 80 ± 10 80 ± 9 79 ± 9 0.629 
Body mass index (kg.m-2) 27 ± 2 27 ± 2 28 ± 3 27 ± 3 0.703 
Gender: females 11 (45.8) 0 (0.0) 3 (12.0) 2 (8.0) < 0.001 
Euroscore 2 (%) 
1.1 [0.9 – 
1.7] 
1 [1 – 1] 1 [0.8 – 1.6] 
1.4 [0.9 – 
2.5] 
0.288 
Uremia (mmol.L-1) 5.8 ± 1.4 6.1 ± 1.4 5.8 ± 1.3 5.9 ± 1.4 0.874 
Creatininemia (μmol.L-1) 75 ± 16 86 ± 10 82 ± 16  82 ± 13 0.095 
Creatinine clearance (mL.min-
1/1,73m2) a 
86 [76 – 99] 80 [74 – 90] 
79 [70 – 
103] 
79 [70 – 
104] 
0.942 
Arteritis (all sites) 11 (47.8) 9 (37.5) 15 (60.0) 15 (60.0) 0.305 
Arterial hypertension 9 (37.5) 9 (37.5) 8 (32.0) 12 (48.0) 0.703 
Atrial fibrillation / flutter 0 (0.0) 3 (12.5) 3 (12.0) 4 (16.0) 0.237 
Pulmonary arterial hypertension 1 (4.2) 0 (0.0) 0 (0.0) 0 (0.0) 0.490 
History of thromboembolic event 0 (0.0) 0 (0.0) 1 (4.0) 1 (4.0) 1.000 
Chronic obstructive pulmonary disease 3 (12.5) 3 (12.5) 4 (16.0) 4 (16.0) 1.000 
Dyspnea 5 (20.8) 11 (45.8) 6 (24.0) 9 (36.0) 0.219 
Sleep apnea syndrome 0 (0.0) 0 (0.0) 2 (8.0) 3 (12.0) 0.163 
History of stroke 1 (4.2) 0 (0.0) 1 (4.0) 2 (8.0) 0.900 
Mental disease / alcoholism 2 (8.3) 1 (4.2) 2 (8.0) 1 (4.0) 0.951 
Diabetes 3 (12.5) 1 (4.2) 2 (8.0) 2 (8.0) 0.785 
Dyslipidemia 4 (16.7) 5 (20.8) 5 (20.0) 6 (24.0) 0.938 
Thyroid disease 2 (8.3) 0 (0.0) 1 (4.0) 0 (0.0) 0.325 
History of cancer 1 (4.2) 1 (4.2) 3 (12.0) 2 (8.0) 0.831 
Surgery and anesthesia  
Total duration of surgery (min) 238 ± 72 221 ± 69 208 ± 75 211 ± 63 0.462 
Duration of extracorporeal circulation 
(min) 
92 [75 – 
109] 
89 [68 – 
109] 
80 [75 – 
100] 
82 [60 – 91] 0.432 
Dose of intraoperative sufentanil (μg) 155 [129 – 145 [126 – 147 [121 – 145 [125 – 0.967 
$%

191] 196] 170] 175] 
Valve repair / replacement 16 (66.7) 17 (70.8) 15 (60.0) 12 (48.0) 0.401 
Aortic 11 13 11 10  
Mitral 4 4 4 2  
Tricuspid 3 0 2 0  
Coronary bypass / type of graft 9 (37.5) 8 (33.3) 13 (52.0) 15 (60.0) 0.205 
Left internal thoracic artery  9 7 13 15 
NC Right internal thoracic artery  7 4 11 12 
Saphenous  5 4 9 8 
No. of anastomoses (when applicable) 
1 1 2 0 1 
NC 
2 1 3 2 3 
3 4 2 7 6 
4 à 6 3 1 4 5 
Delay between admission in PACU 
and H0 (hrs) 
4.7 [4 – 6.2] 
5.2 [2.9 – 
6.1] 
5 [4 – 6] 4.7 [4 – 6.2] 0.953 
 
Initial characteristics of the patients, according to the group of randomization; Kfull, K½d and K¼d for 
ketoprofen “full dose”, “half dose” and “quarter dose”, i.e. 0.5, 0.25 and 0.125 mg.kg-1 every 6hrs until the 48th 
postoperative hour, respectively. Numerical data are expressed as mean ± SD or median [interquartile range]. 
Categorical data are expressed as number of patients and (%). H0 is the time of initiation of the treatment, i.e. 
one hour before the planned time for discontinuation of sedation. Abbreviations; NC: not calculated. Notes; a: 
estimated according to the Modification of Diet in Renal Disease (MDRD). 
 
Table 2 shows the effects of the studied treatment on outcomes related to the analgesic efficacy, either directly or 
indirectly, i.e. through an eventual improvement in respiratory function or a reduction of opioid-induced side 
effects. For both pain at rest and dynamic pain, the linear mixed model was found to be significant, while the 
post hoc analyses (Tukey-Kramer’s test) showed that only the Kfull group differed from the placebo group. 
Besides, no difference was found for any of the analgesia-related secondary outcomes, except for vomiting, 
which was more frequent in the placebo group compared to the three ketoprofen groups. Also, a non-significant 
trend for greater patient satisfaction with the analgesia appeared in the ketoprofen groups. 
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Due to the unexpected imbalance (see above), we conducted an additional analysis of both pain at rest and 
dynamic pain adjusted to gender, which showed similar P values for the whole model, while a difference from 
the placebo group was found, not only for the Kfull, but also for the K½d group. In addition, to check that the 
patients of the placebo group did not behave differently due to the higher rate of females, we extracted data from 
an additional observational cohort of 20 male patients with the same entry criteria as those of the main study. 
Respectively for postoperative pain at rest, dynamic postoperative pain, and morphine consumption, neither the 
raw values (1.7/10 ± 1.2; 3.6/10 ± 1.4; 42 mg ± 17), nor the coefficients of variation (overlapping of the 
confidence intervals) differed from the placebo group. 
For descriptive purposes only, the time course of pain intensity tended to decrease with time, in both conditions 
(Fig.2). Pain intensity at rest was generally low (i.e. <3/10), as expected according to the protocol; the intensity 
of dynamic pain was higher. In both conditions, the effect of the full dose of ketoprofen (Kfull, the only one 
being significant) appeared since the early measurements, while it faded for the very late observations. With the 
lower doses of ketoprofen, a mild effect was observed, but not for the early measurements. 
 
 
Table 3 shows that tolerance was similar for all three doses of ketoprofen compared to the placebo, especially for 
the chest tube drainage production and renal function. There was a general improvement in renal function from 
preoperative values at the 48th postoperative hour, which was most marked in the Kfull group. 
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Tableau 3. Tolerance outcomes 
 
 
Placebo 
(n = 24) 
K¼d 
(n = 24) 
K½d 
(n = 25) 
Kfull 
(n = 25) 
P 
value 
Chest tube drainage 
Pericardial tubes, total volume 
(mL) 
155 [95 – 
205] 
195  [143 – 
250] 
156 [100 – 
240] 
200 [100 – 
248] 
0.549 
Retrosternal tubes, total volume 
(mL) 
150 [115 – 
200] 
143 [100 – 
260] 
180 [100 – 
220] 
210 [160 – 
250] 
0.167 
All mediastinal chest tubes, 
total volume (mL) 
314 [235 – 
403] 
365 [288 – 
463] 
310 [255 – 
460] 
400 [290 – 
618] 
0.240 
Time to withdrawal of mediastinal 
chest tubes (hrs) 
69 [45 – 89] 66 [45 – 71] 54 [45 – 69] 68 [44 – 90] 0.699 
All chest tubes including pleural, 
total volume (mL) 
563 [260 – 
700] 
415 [322 – 
580] 
570 [318 – 
820] 
650 [475 – 
800] 
0.357 
Renal function 
Urinary output of the first 48 
postoperative hours (L) 
3.31 [2.67 – 
4.06] 
3.14 [2.65 – 
4.07] 
3.24 [2.55 – 
4.41] 
3.57 [2.54 – 
3.86] 
0.023 
Drop in creatininemia (% of 
preoperative) 
18 [8 – 23] 16 [9 – 23] 18 [13 – 25] 9 [7 – 21] 0.306 
Gain in creatinine clearance a 
(% of preoperative) 
26 ± 29 28 ± 23 31 ± 32 17 ± 22 0.035 
Drop in uremia (% of 
preoperative) 
24 [12 – 44] 31 [14 – 46] 28 [6 – 38] 19 [5 – 30] 0.317 
Delayed acute renal insuffiency 3 (12.5) 4 (16.7) 3 (12.0) 3 (12.0) 0.956 
General events 
Readmission to ICU 1 (4.2) 0 (0.0) 1 (4.0) 0 (0.0) 0.869 
In-hospital death b 0 (0.0) 0 (0.0) 1 (4.0) 0 (0.0) 1.000 
Declared adverse event 6 (25.0) 7 (28.0) 7 (29.2) 5 (20.0) 0.884 
Declared serious adverse event 1 (4.2) 0 (0.0) 2 (8.0) 0 (0.0) 0.515 
$-
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Cardiac events 
Myocardial infarction 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000 
Low cardiac output 1 (4.2) 0 (0.0) 1 (4.0) 0 (0.0) 0.869 
Cardiac arrhythmia 
(supraventricular) 
2 (8.3) 2 (8.3) 6 (24.0) 2 (8.0) 0.308 
Need for pacemaker implantation 1 (4.2) 1 (4.2) 0 (0.0) 0 (0.0) 0.364 
Cardiac tamponade 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000 
Infectious events 
Temperature > 38°C 5 (20.8) 5 (20.8) 8 (32.0) 5 (20.0) 0.730 
Mechanical ventilation exceeding 
24 hrs 
1 (4.2) 0 (0.0) 0 (0.0) 0 (0.0) 0.490 
Pneumonia c 2 (8.3) 1 (4.2) 0 (0.0) 0 (0.0) 0.270 
Wound infection 0 (0.0) 0 (0.0) 0 (0.0) 2 (8.0) 0.242 
Infection other than wound/sternal 3 (12.0) 1 (4.2) 1 (4.0) 1 (4.0) 0.654 
Sternal complication 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000 
Neurological events 
Delirium / mental confusion 1 (4.2) 1 (4.2) 0 (0.0) 0 (0.0) 0.364 
Stroke 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000 
Other events 
Prolonged ileus 6 (25.0) 5 (20.8) 4 (16.0) 5 (20.0) 0.888 
Other digestive complication 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000 
Trouble involving hemostasis 0 (0.0) 0 (0.0) 0 (0.0) 1 (4.0) 1.000 

Initial characteristics of the patients, according to the randomization groups; Kfull, K½d and K¼d for ketoprofen 
“full dose”, “half dose” and “quarter dose”, i.e. 0.5, 0.25 and 0.125 mg.kg-1 every 6hrs until the 48th 
postoperative hour, respectively. Numerical data are expressed as mean ± SD or median [interquartile range]. 
Categorical data are expressed as number of patients and (%). Abbreviations; ICU: intensive care unit. Notes; a: 
estimated according to the Modification of Diet in Renal Disease (MDRD); b: one sudden death case occurred 
on the 18th postoperative day, a heart block was suspected; c: defined according to the Melbourne Group Scale, 
i.e. at least four of the following events = atelectasis or infiltration on chest X-ray, purulent sputum, physician 
diagnosis of pneumonia/chest infection, temperature >38°C, SpO2 <90% on air, positive signs on sputum 
microbiology, white cell count >11.2 units, or readmission/prolonged stay in ICU.
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Discussion 
 
The current study confirmed the analgesic properties of the NSAID ketoprofen after open heart surgery (on both 
static and dynamic pain), with no apparent increase in side effects. However, reducing the doses to half or 
quarter of the full recommended dose did not significantly reduce the pain outcomes in comparison to those of 
the placebo. Only the post hoc analysis adjusted on gender showed an effect of the half dose. Similar effects of 
NSAIDs have already been documented in the past, although the information was incomplete. A meta-analysis 
of 2006 suggested that NSAIDs reduced pain and morphine consumption after cardiothoracic surgery, but 
cardiac surgery was poorly represented, molecules and protocols were heterogeneous, and the pooled magnitude 
of effect was small. (13) In those studies conducted in cardiac surgery, the NSAID-induced analgesia was 
generally superior to control or placebo; none of them tested ketoprofen (12,15,24-27). Conversely, negative 
results were reported with ketoprofen (100mg intrarectally once) and indomethacin (26,28). A key for efficacy 
seems to be a repeated administration of the NSAID. In a double-blind trial vs. placebo, naproxen (administered 
intrarectally then orally, until day5) reduced dynamic pain and better preserved the patients’ slow vital capacity 
(12). The mean difference on pain intensity after physiotherapy was 1.9 out of 10, vs. 1.0 in the current study. 
Also, in both studies, the opioid consumption was unaffected; this could be due to a low statistical power, the 
concomitant use acetaminophen, or resistance of dynamic pain to opioids. 
NSAIDs probably induce analgesia through an inhibition of prostaglandin synthesis. (29) A peripheral action – 
consistent with an effect on dynamic pain – is supported by human data, as ibuprofen inhibits the production of 
cytokines in inflamed skin in healthy volunteers, (30) and injection of diclofenac or ketorolac into the wound 
after a caesarean section has analgesic effects per se (31,32), together with a local anti-inflammatory action. (32) 
A reduction in spinal sensitization is supported by preclinical data (33), while in healthy volunteers, parecoxib 
impairs the nociceptive flexion reflex, but not the wind-up, which signals central sensitization (34). Also, while 
intrathecal ketorolac reduces induced skin hypersensitivity in healthy volunteers (35), it did not have analgesic 
effects after vaginal hysterectomy (36). 
The supporting hypothesis for the effectiveness of low doses is also heterogeneous. In the rat model of plantar 
incision, the analgesic effects of subcutaneous ketoprofen on guarding pain behaviour or mechanical withdrawal 
threshold were quite similar with doses of 10 and 5mg.kg-1 (37), while 10mg.kg-1 was effective to blunt 
mechanical allodynia in a similar study (38); moreover, milder analgesic effects were observed at much lower 
doses (37). The recommended dose of ketoprofen for postoperative analgesia is 100-300mg per 24hrs (18); the 
French current practice is to administer 50mg every 6hrs, this based on a 2hr-elimination half-life (39) .A study 
conducted after general surgery showed that analgesia was obtained with 50mg of oral ketoprofen, the effects of 
150mg were no better, and 25mg also had analgesic effects, although shorter-lived (40). A meta-analysis 
confirmed this range of effective doses, although most of the studies included minor surgeries (20). After minor 
surgery, the ED50 of ketoprofen has been estimated at 30mg (41). In ambulatory emergency patients with bone 
and joint pain, a daily dose of 200mg of ketoprofen was found equivalent to 300mg (21). Finally, a study of 
ketorolac administered every 6hrs after spine stabilization showed that morphine consumption was reduced from 
doses of 7.5mg, and that a ceiling effect was reached with 12.5mg, while the currently prescribed dose was 10-
30mg (19). The current study confirmed that a reduction of dynamic pain after major surgery could be obtained 
with moderate doses of ketoprofen (0.5mg.kg-1 corresponds to 40mg for an 80-kg weight). The failure of the half 
dose could be explained by the desired strength of the studied outcome, but the time path of the effect also 
suggests that some efficacy could be obtained with doses of 0.25mg.kg-1 if a loading dose was administered 
initially. 
Although statistical power was insufficient to identify differences in tolerance outcomes, our results do not 
militate against the use of ketoprofen after open heart surgery. However, only a large trial focusing tolerance 
could influence the practice, while the 2005 FDA advisory had sensibly decreased the use of NSAIDs after 
CABG (42,43). Concerning the potential nephrotoxicity of NSAIDs after an already risky procedure (44), the 
data from the literature are more optimistic (42,45). Generally, no increased renal impairment was found for the 
NSAID groups, as long as the patients at risk had been previously excluded, and that doses and treatment 
duration were kept at a low range (13,44,46). Nevertheless, one large trial showed that coxibs increased the 
incidence of oliguria and renal dysfunction, but this could have been an indirect effect of other life-threatening 
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complications due to the COX2-selective NSAIDs (coxibs) (16). A strict selection also explains why the risk of 
gastric complication was not increased by NSAIDs, both in the previous studies (13) and the current one. The 
effects on hemostasis are highly dependent on the COX-selectivity (22): coxibs increase the risk of thrombotic 
events after CABG (16), and therefore have been banned for this purpose (17); in contrast, ketorolac or 
flurbiprofen, the most COX1-selective, increase the risk of postoperative hemorrhage (47,48). After sternotomy 
however, in most of the trials which studied the effects of non-COX2-selective NSAIDs on chest tube drainage 
(or equivalent), only one trial reported higher chest tube drainage during the early postoperative hours (12), this 
with naproxen which is less COX1-selective than ketoprofen (22). Three other trials showed no difference 
(25,26,28). 
 
The use of NSAIDs after cardiac surgery needs more rationale. There are arguments for a good 
efficacy/tolerance ratio for the NSAIDs with intermediate COX2-selectivity (such as propionic agents), which 
are reinforced by our results. Nevertheless, this is restricted to selected patients, and no evidence exists for more 
fragile (e.g. older) patients. In the interests of treating these patients at risk, it would be interesting to retest lower 
doses of ketoprofen, but potentiated by a loading dose. The apparently good tolerance remains to be validated by 
a large trial. 
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Figure legends 
 
Figure 1. CONSORT 2010 flow diagram of the trial. 

Figure 2. Time course of pain intensity at rest (left) and of dynamic pain (right, see Methods for calculation). 
The linear regression curve of the pain scores plotted against the time since treatment initiation (“T0”, i.e. just 
before discontinuation of sedation) is displayed with its 95% confidence interval limits. Each ketoprofen group is 
compared to the placebo (black vs. grey lines). The “full dose” of ketoprofen corresponds to 0.5 mg.kg-1 every 
6hrs, from T0 and over a period of 48hrs. Note that the scales for the y axes (pain intensity) are not the same as 
for pain at rest and dynamic pain. 
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Local Anesthetic Diffusion of
Bilateral Sternal Block After
Cardiac Surgery
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To the Editor:
Continuous bilateral sternal (BLS)infusion of a local anesthetic through
multihole catheters provides postoperative
pain relief and reduces the postoperative
complications.1 The BLS infusion provides
a nociceptive block of the anterior branches
of intercostal nerves at the lateral margins
of the sternum,2 but local anesthetic spread-
ing after a BLS block remains unknown.
Therefore, we performed in 2 patients a
computed x-ray tomography to accurately
visualize the anatomic distribution of the
local anesthetic.
The day before surgery, the patients
received a detailed study explanation about
the catheter insertion, the transport to radi-
ology department at the end of surgery,
and the x-ray imaging. We obtained the
patients' signed consent. At the end of the
intervention, 2 multihole catheters (On-Q
SilverSoaker; Halyard Health, Alpharetta,
Georgia) with a 19-cm diffusion length
were inserted subcutaneously after the clo-
sure of sternotomy by the surgeon. After a
small skin incision, the catheters were
inserted with the help of the 17-gauge 
8-inch tunnelers (ON-Q Tunneler Sheath;
Halyard Health) entered lateral to xiphoid
at subcostal margin and advanced upward,
below the pectoral muscles over the cost-
osternalmargin parallel to the sternotomy in-
cision. A 1-point suture was used to close
the introduction point and to secure the cath-
eter. Before transfer to intensive care unit,
the patient was referred to the radiology
department to undergo tomodensitometry.
During the transport to the imagery depart-
ment, the patient remained under general
anesthesia, intubated, ventilated, and sedated
by propofol 2%, 10 mL/h. The monitoring
during transfer was provided by a transfer
scope including cardioscope, pulse oximeter,
invasive blood pressure, and capnography.
The ventilation was provided by a transfer
ventilator with the same ventilation param-
eters as used in the intensive care unit. The
tomodensitometry was conducted with a
Healthcare Discovery HD750 (General
Electric, Waukesha, Wisconsin). Acquisition
was performed with a slice size of 0.63 mm.
Constants for x-ray tube were 100 kV
(120 kV for the heaviest patient) with a
charge automatically adapted. Two imag-
ery sequences were realized, one before
and one after injection of 10 mL of the lo-
cal anesthetic ropivacaine 0,2% and 1 mL
of Iopamiron diluted in 9 mL of isotonic
sodium chloride solution mixed before in
a 20-mL syringe and injected in each cath-
eter. Five minutes after injection, another
image acquisition was performed on the
same studied area, with the same slice
thickness, to overlay images before and after
injection. Scans were analyzed on Advan-
tage Workstation 4.4 (General Electric).
The computed x-ray tomography was
realized in 2 patients, 71 and 68 years old.
FIGURE 1. Local anesthetics mixture diffusion. A, Image in multiplanar rendering and
maximal intensity projection (note catheter in black arrows). B, Mixture diffusion between
the intercostal spaces. C, Color image of mixture distribution in multiplanar rendering. D,
Sagittal image of the mixture diffusion.
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The mixture diffusion is shown in Figure 1.
The catheter is clearly seen in the middle of
each diffusion area. The spread of mixture
diffusion is homogeneous with an excellent
concentration close to sternal margins, an
area that corresponds to the emergency of an-
terior branches of intercostal nerves, which
provides the sternum and anterior wall sensi-
bility. The mixture concentration is less im-
portant in the sternotomy incision. The
higher local anesthetic concentrations with
a catheter inserted directly to the sternotomy
wound could be a source of wound infec-
tion.3 The BLS bloc diffusion covers the
anterior wall of thorax until the mid-
clavicular line. The thickness of mixture
diffusion measures 11.6 mm and covers
the entire length of the sternum. The BLS
block is a promising technique of postoper-
ative analgesia after cardiac surgery.
Vedat Eljezi, MD
Nicolas D'Ostrevy, MD
Department of Perioperative Medicine
CHU Clermont-Ferrand
Hôpital Gabriel Montpied
Clermont-Ferrand, France
The authors declare no conflict
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Thoracic Epidural Anesthesia and Prophylactic Three Times
Daily Unfractionated HeparinWithin an Enhanced Recovery
After Surgery Pathway for Colorectal Surgery: Erratum
T he journal regrets misspelling the name of Elliott R. Haut, MD, co-author of the article appearing in the March-April 2017 issue,“Thoracic epidural anesthesia and prophylactic three times daily unfractionated heparin within an enhanced recovery after
surgery pathway for colorectal surgery.”1
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Economic evaluation of multi-hole catheter use in bilateral sternal positions after 
cardiac surgery 
 
 
After cardiac surgery, patients are at high risk of developing postoperative complications that 
can increase morbidity and mortality, lengthen hospital stays and impair quality of life.1 
These complications also cause significant health system costs.2 The most common 
postoperative complications after cardiac surgery are those involving the respiratory system, 
the kidneys and the central nervous system.1 Almost all patients undergoing cardiac surgery 
develop a certain degree of respiratory dysfunction,3 and postoperative pneumonia is the most 
frequent infection.4 Postoperative delirium is frequent after cardiac surgery, with an estimated 
incidence around 26-52%. This costly complication increases the risk of morbidity, mortality 
and long-term cognitive impairment.5 The additional costs calculated vary from one study to 
another, ranging from US$ 5520.606 to US$ 10 2295 per patient. In an elderly population, the 
additional cost attributed to delirium may range from US$ 16 303 to US$ 64 421.7 Surgical 
site infections8 are another less frequent but devastating postoperative complications with an 
overall incidence of 1.8%.9 These complications are very expensive and may substantially 
increase costs after cardiac surgery.10  
Bilateral sternal perfusion of ropivacaine through multi-hole catheters after cardiac surgery 
improves postoperative analgesia, decreases opioid consumption and opioid side effects, and 
reduces respiratory and neurological complications.11;12 In view of the limited budgetary 
resources available, it is necessary to optimise health expenditures by using available 
resources rationally and involving the medical profession in this process of rationalization.13  
The aim of this work was to quantify the investment costs for the equipment for bilateral 
sternal perfusion of ropivacaine and the costs avoided by reducing the number of 
complications with the use of this medical device.  
 
Patients and methods 
The devices used to administer the local anaesthetic were two multi-hole catheters with a 19-
cm diffusion area (ON-Q SilverSoaker™ Halyard Health, Irvine, CA, USA), inserted with the 
help of a 17-Gauge, 8-inch tunneler (ON-Q* Tunneler) (and its T-Peel Introducer Sheath, 
ON-Q Tunneler Sheath®), connected by a Y-shaped tube to a continuous flow perfusion. The 
catheters were subcutaneously inserted by the surgeon after sternotomy closure, with the help 
of the tunnelers, inserted laterally to the xyphoid at the subcostal margin and then advanced 
upwards towards the pectoral muscles over the costosternal margin parallel to the sternotomy 
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incision. One point suture was used to close the introduction point and secure the catheter. 
After catheter insertion and aspiration, patients received 10 ml of 0.2% ropivacaine 
(Naropeine® 2 mg.ml-1, AstraZeneca, Rueil-Malmaison, France). After an initial bolus dose, 
a continuous infusion of ropivacaine 0.2% was administered at a fixed rate of 6 ml.h-1 for 48 
h. 
The patients analysed were those included in a prospective randomised study conducted at the 
Clermont-Ferrand University Hospital Centre between April 2013 and March 2014. This 
study analysed the effects of a bilateral sternal infusion of ropivacaine in patients with 
respiratory risk factors undergoing cardiac surgery with sternotomy.12 The study included 120 
patients, 60 in the control group, which received standard analgesia with PCA morphine, and 
60 in the intervention group, which received standard analgesia with PCA morphine and 
bilateral sternal infusion of ropivacaine via the multi-hole catheters. The intervention group, 
had better analgesia at rest and during mobilisation, as well as a significantly lower 
prevalence of postoperative delirium and pulmonary complications. Although there was a 
surgical site infection in the control group, this difference was not significant.12  
The economic analysis presented here, performed retrospectively with the data from the study 
described above,12 examines the cost-benefit of this postoperative treatment from the 
hospital’s perspective. The cost analysis is divided into two parts. The first part studies the 
investment costs of the medical device (capital cost) and the second the costs avoided due to 
the reduction in postoperative complications made possible by the device. The ratio between 
the investment cost and the avoided costs was calculated to obtain the net benefit.  
The avoided costs were calculated for the postoperative complications that differed 
significantly between the intervention and control groups, that is, postoperative delirium and 
pulmonary complications. The method of calculating costs by microcosting was favoured 
because of its exhaustive and precise nature. We collected all the resources used by category 
based on unit costs, distributed between costs of extended ICU stays (“bed expenses and 
central supply” per extra day), treatments ("pharmacy"), laboratory testing ("laboratory"), 
radiography procedures ("diagnostic radiology"); the optiflow ("respiratory therapy"), and 
venous and arterial catheters ("medical devices"). The mean cost per patient of both 
complications considered was multiplied by the difference in the number of each 
complication between the two groups.  
The costs and consequences of the use of this medical device occurred the same year, so it is 
not necessary to update costs to take individual preferences into account.14 The costs are 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 


expressed in euros (€ TTC, that is, all tax included) and United States dollars (US$) with an 
exchange rate in March 2017. 
The medical device investment costs include the cost of the catheter (i.e., two catheters and 
one tunneler per patient) and the cost of the local anaesthetic used. Because the opioid costs 
are derisory for the hospital, we chose to treat them as null. 
This trial was conducted in compliance with the Helsinki declaration and was registered at 
ClinicalTrials.gov under the number NTC01828788. The protocol was approved by the 
relevant research ethics committee: CPP Southeast VI, Clermont-Ferrand, F; J.E. Bazin. 
 
Results 
Population Description  
The characteristics of the study population are described in Table 1. No statistically 
significant differences were found between the two groups.  
 
Medical device cost 
The cost of multi-hole catheters was € 124.20 TTC (US$ 139.60) for each patient, to which 
we added the cost of ropivacaine, € 8.50 TTC (US$ 9.50) per patient. The cost for the 60 
patients in the intervention group was thus € 7963.60 TTC (US$ 8949.70). The number of 
patients eligible annually for the medical device in the cardiovascular surgery department was 
estimated at 300. The annual cost of the medical device would therefore be € 39,818.20 (US$ 
44,748.80). 
 
Cost of management of complications  
The intervention and control groups differed significantly in the number of pulmonary 
complications and cases of postoperative delirium: the intervention group had 10 fewer 
pulmonary complications than the control group (P = 0.021) and 11 fewer patients with 
postoperative delirium (P = 0.005). The patients who developed pulmonary complications or 
postoperative delirium had an ICU stay at least 2 days longer than the other. 
The cost of managing the pulmonary complications and the postoperative delirium was 
calculated by cost item. The mean cost of managing one case of postoperative delirium 
totalled € 34,558 (US$ 367,42), and the cost of managing one pulmonary complication 
€ 34,571 € (US$ 36,755). For both complications, the cost subcategories affecting the total 
cost of managing complications were respiratory therapy and ICU costs. These results are 
presented in Table 2. 
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The total costs of management of all patients with postoperative delirium and pulmonary 
complications were also quantified and are presented in Figure 2. The difference in costs 
between the groups is the cost of avoided complications. The total amount of avoided costs in 
the study was € 725,848TTC (US$ 771,721). 
 
Net benefit amounts 
Given that the cost of the devices for the 60 patients was € 7963.60 TTC (US$ 8949.70), the 
total net benefit is the difference between the avoided and investment costs: € 717 886 TTC 
(US$ 763 256). The net benefit per patient thus totalled € 11 965 TTC (US$ 12 721). In other 
words, an investment of € 1 in the catheters avoided € 90.20 TTC (US$ 95.90) in 
postoperative complication costs. 
 
Annual projection 
An annual projection for the 300 patients likely to benefit from this new medical device 
multiplies the avoided cost for postoperative delirium by five for the annual avoided cost from 
the hospital’s point of view: € 1 900 690 € TTC (US$ 2 020 814). Similarly, the avoided cost 
due to the reduction in pulmonary complications is calculated at € 1 728 550 TTC (US$ 
1 837 794), for an annual avoided cost of € 3 629 240 TTC (US$ 3 858 608).  
Given the annual cost of the devices, the net benefit amounts to € 3 589 430 TTC (US$ 
3 816 282) per year. 
 
 
Discussion 
This work demonstrates that in addition to its clinical interest, bilateral sternal perfusion of 
local anaesthetics with multi-hole catheters has a major economic interest. The use of this 
medical device should have substantial economic repercussions for healthcare facilities after 
cardiac surgery with sternotomy. Our results showed a significant reduction in the number of 
complications such as postoperative delirium and lung infections with an annual cost saving 
(cost avoided) of around € 3 589 430 TTC (US$ 3 816 282). 
To our knowledge this is the first study to calculate the economic benefits of this medical 
device by using a microcosting method, which has the advantage of being exhaustive. This 
economic analysis reinforces the benefits identified by the clinical results. This study was 
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conducted with real data from a randomised controlled trial that allowed a direct economic 
comparison of the use of this new device with the standard care strategy used initially. 
Our results are similar to those published by Markar et al.,6 which showed that devices 
promoting wound healing shorten the length of ICU stays from 3 days to 1 and reduce costs 
by US$ 33,714. We found that this treatment with multi-hole catheters reduced the length of 
ICU stay by at least two days, for cost savings that ranged from € 34 558 (US$ 36 742) per 
patient for postoperative delirium to € 34 571 (US$ 36 755) for pulmonary complications. 
Other studies report that postoperative delirium prolongs length of ICU stays for similar 
periods.(5;15;16)  
Unlike the other studies,(17;18) the medical device we used did not produce a statistically 
significantly lower rate of mediastinitis, mainly because this complication was rare in our 
population (one case in the control group versus zero in the intervention group). A study with 
a larger sample size might well demonstrate that this treatment with these multi-hole catheters 
also significantly reduces the incidence of mediastinitis. Such a finding would increase the 
amount of avoided costs still more substantially, in view of the very high costs of this 
complication.  
Our choice not to consider the cost of morphine in the control group might be debated, but 
given that the unit cost of morphine for the hospital is around € 0.20 TTC, it would have no 
real effect on the net hospital benefit from the device. 
The results of our study are encouraging, despite the relatively small sample. A larger 
multicentre randomised study might be still more interesting. Our economic analysis was 
limited to the hospital perspective because of the available data, but a multicentre study could 
make it possible to extend the perspective to include those of the health insurance fund or 
even society, as advocated by French authorities.(19) 
 
CONCLUSION 
The study demonstrated that the multi-hole catheters used to administer ropivacaine provided, 
in addition to the clinical benefits of reducing rates of serious complications, the financial 
advantage of cost-effectiveness. The institution's investment in this medical device makes it 
possible to reduce postoperative complications considerably, and the high costs of managing 
the two complications found to differ significantly (pulmonary complication and 
delirium/mental confusion) between the two groups (control and intervention) reduced the 
costs of treating them and shortened stays in intensive care units and in the hospital. 
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Table 1: Population characteristics  
 
 
Control 
(n=55) 
Intervention 
(n=60) 
p-value 
Preoperative characteristics 
Age (year) 68.4 ± 9.3 67.9 ± 9.8 0.798NS 
Age > 75 years 20 (33.3) 18 (32.7) 0.945NS 
Gender (female) 9 (15.0) 9 (16.4) 0.841NS 
BMI 29.4 ± 4.4 30.7 ± 4.9 0.123NS 
BMI > 30kg.m2 29 (48.3) 34 (61.8) 0.147NS 
Surgery and anesthesia 
Valve replacement 37 (61.2) 37 (67.3) 0.393NS 
Coronary bypass 35 (58.3) 25 (45.5) 0.167NS 
Abbreviations: BMI is body mass index; NS is non-significant. 
 

Table 2. Unitary cost of delirium and pulmonary complication by major subcategories of 
care 
Characteristic 
Delirium cost by patient € 
($) (n =1) 
Pulmonary complication 
cost by patient € ($) (n=1) 
Bed expenses and central supplya 8 524 (9063) 8 524 (9063) 
Pharmacyb 43 (46) 82 (87) 
Laboratoryc 480 (510) 480 (510) 
Diagnostic radiologyd 125 (133) 125 (133) 
Respiratory therapye 25 360 (26962) 25 360 (26962) 
Medical devices costsf 26 (28) 0 (0) 
TOTAL  COSTS 34 558 (36742) 34 571 (36755) 
Abbreviations: € for euros and $ for US. Values are median costs. a included cost of days of extended stay in 
ICU. b included cost of treatments. c included costs of laboratory screening. d included costs of radiology 
acts. e included cost of mechanical ventilation (optiflow). f included costs of venous and arterial catheters. 
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